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I .  INVESTIGATION OF A NEW METHOD FOR SYNTHESIZING 
o-METHYLENEBUTYROLACTONES
INTRODUCTION
The a -m e th y le n eb u ty ro la c to n e  fu n c t io n a l ly  fu sed  to  an o th e r 
c a rb o c y c lic  r in g  i s  p re s e n t  in  a  la rg e  number o f n a t u r a l  p ro d u c ts^ .
The f a c t  t h a t  some o f  th e s e  compounds have shown b io lo g ic a l  a c t iv i t y ^  
has  s tim u la te d  i n t e r e s t  in  f in d in g  e f f i c i e n t  s y n th e t ic  methods fo r  add­
in g  th e  a -m e th y le n eb u ty ro la c to n c  m oiety  to  a c a rb o c y c lic  r in g .  P r io r  
to  th e  work d e sc r ib e d  h e re ,  a l l  o f th e  methods ~ r e p o r te d  in  th e  l i t e r ­
a tu re  fo r  b u i ld in g  t h i s  s t r u c t u r a l  f e a tu r e  gave low y ie ld s  an d /o r 
e n t a i l e d  long  sequences o f  r e a c t io n s .  S ince co m ple tion  o f th e  work 
in  t h i s  t h e s i s ,  a  number o f e f f i c i e n t  m ethods have ap p ea red  in  the  
l i t e r a t u r e  w hich overcome th e se  f a u l t s .  T hese newer m ethods w i l l  be 
d is c u s s e d  l a t e r .
The purpose o f th e  work p re se n te d  h e re  was to  develop a sequence 
of r e a c t io n s  th a t  would le a d  to  th e  easy  a d d i t io n  of an  a-m ethy lene­
b u ty ro la c to n e  f u n c t io n a l i ty  to  a  c a rb o c y c lic  r in g  in  h ig h  o v e r a l l  y ie ld .  
The cy c lo h ex y l r in g  system  was chosen  as th e  model c a rb o c y c lic  r in g  to  
which i t  was p lanned to  add th e  la c to n e  r in g .  I t  was en v is io n ed  th a t  the  
way to  a t t a c k  th e  problem  would be to  add to  th e  cy c lo h ex y l r in g  a  u n it  
p o s se s s in g  th e  n e c e ssa ry  carbon atoms and f u n c t io n a l i ty  fo r  f a c i l e  subse­
quent co n v ers io n  to  th e  a -m e th y le n eb u ty ro la c to n e  system . In  o rd e r  to
m inim ize th e  number o f s te p s  re q u ire d  fo r  co n v e rs io n  to  th e  la c to n e  a f t e r  
a d d i t io n  o f  th e  a p p ro p r ia te  carbon  fragm ent. I t  was planned to  in c lu d e  
in  th e  m oiety  b e in g  added to  th e  cy c lo h ex y l r in g  system  a  group th a t  
could  be e a s i l y  removed in  th e  l a s t  s te p  to  g iv e  th e  a-m ethy lene  p o r t io n  
o f th e  system . In  view  o f  th e s e  c o n s id e ra t io n s  th e  g e n e ra l approach  th a t  
evolved and was e v a lu a te d  i s  shown in  Scheme 1 .
+  R’-O-CH.-CBBr-C-O-R
CH •CH—C-O—R
54
-0 -R '
SCHEME 1
The r e s u l t s  o f  th e  e v a lu a tio n  o f  Scheme 1 a r e  d isc u sse d  fo r  th e  
case s  w here R = R' = Me and R ■ R' » E t. The use o f  th e  p y r ro l id in e  
enamine o f  cyclohexanone and th e  cyclohexy l im ine o f  cyclohexanone in  
a tte m p ts  to  add th e  n e c e ssa ry  group to  th e  cy c lo h ex y l r in g  (1-^3) a re  d i s ­
cu ssed . In  a d d i t io n ,  th e  s y n th e s is  o f  ke to  e s t e r  ^  u s in g  p u b lish ed  
procedure^  i s  d is c u s s e d .
I t  was assumed th a t  s te re o iso m e rs  would r e s u l t  from m ost o f th e  
r e a c t io n s .  Gas chrom atography o f  th e  r e a c t io n  p ro d u c ts  confirm ed th a t
3t h i s  was th e  c a se , b u t no a ttem p t was made to  r e s o lv e  th e se  m ix tu re s .
In  one c a se  i t  was p o s s ib le  to  a s s ig n  s te re o c h e m is try  to  a  m ajor p roduct 
on th e  b a s is  o f  th e  unusual chem ical s h i f t  o f  a  p ro to n  a b so rp tio n  seen 
in  th e  p ro to n  m agnetic  resonance spectrum .
RESULTS AND DISCUSSION
g
I t  was known t h a t  sodium e th o x id e  r e a c te d  w ith  th e  dibrom ide 
of e th y l  a c r y l a te  to  g iv e  e th y l  3 -e thoxy-2*brom opropionate  in  good
g
y ie ld s .  I t  was a l s o  known th a t  th e  analogous r e a c t io n  betw een th e  d i -  
brom ide o f  m ethy l a c r y l a te  and sodium m ethoxide d id  n o t g iv e  good y ie ld s .  
However, b ecau se  o f th e  s im p l i f ic a t io n  o f  p ro ton  m agnetic resonance  (pmr) 
s p e c tr a  i n t e r p r e t a t i o n ,  m ethyl bromo e s t e r  §_ was p rep a red  and used  in  th e  
p re lim in a ry  s tu d y  o f  th e  r e a c t io n  sequence.
g
U sing th e  p ro ced u re  o f  Wood and du Vigneaud m ethyl 2-brom o-3- 
m ethoxyprop ionate  was p rep a red  from m ethyl a c r y la te  (7) by a d d i t io n  o f 
brom ine to  th e  double bond fo llow ed  by n u c le o p h il ic  d isp lacem en t o f th e  
te rm in a l  brom ine by sodium m ethoxide to  g iv e  th e  bromo e s te r  ^  in  32.2% 
y ie ld .
0 1) Br ,MeOH 0
—C—0—Me o\ ïT-Àw"" ' Me—0—CH2~CHBr—C—0—Me
8 (32.2%)
CHz-CH-C-O- e NaOMe, MeOH  ^ "  '""2
The bromo e s t e r  ^  was to  be  used to  a lk y la te  cyclohexanone, 9 
There a r e  s e v e ra l  ways to  a lk y la te  a c t iv e  m ethylene compounds^, b u t many 
o f  th e s e  r e a c t io n s  a r e  accom plished in  th e  p resence  o f s tro n g  b ase  
th ro u g h  an  e n o la te  io n . In  th e  p re s e n t ca se  th e  u se  o f a s tro n g  b ase  
co u ld  le a d  to  u n d e s ira b le  s id e  r e a c t io n s  (e lim in a tio n  o f m ethanol or
4
5d eh y d ro b ro m ln a tlo n ). An a l t e r n a t e  method to e f f e c t  a lk y la t io n  w hich 
avo ids th e  u se  o f  a  s tro n g  b ase  i s  th e  r e a c t io n  o f a  ketone enam ine w ith  
an a lk y l  h a l id e .
The p y r r o l id in e  enamine o f  cyclohexanone ^  was p rep ared  u sing  
th e  p rocedu re  o f  S to rk  and cow orkers^^. Equim olar amounts o f c y c lo ­
hexanone (2) and p y r r o l id in e  w ere r e f lu x e d  in  benzene w ith  a z e o tro p ic  
rem oval o f  th e  w a te r  was formed to  g ive  th e  enam ine 10 . I t  was found
Benzene
R eflux
10 (75.3%)
th a t  th e  enamine 10 was u n s ta b le  i f  s to re d  a t room tem p era tu re  f o r  long  
p e r io d s . T h e re fo re , i t  was n e c e ssa ry  to  s to r e  th e  enamine in  th e  co ld  
under n i t ro g e n  i f  i t  was n o t to  be used im m ediately . Under th e s e  
c o n d itio n s  i t  d id  n o t show a p p re c ia b le  decom position  over a two month 
p e r io d .
The a lk y la t i o n  was perform ed by re f lu x in g  th e  enamine 1 2  w ith  
th e  bromo e s t e r  2  in  d io x a n e . H y d ro ly s is  o f  th e  a lk y la te d  enam ine, which 
was n o t i s o la te d ,  gave th e  keto  e s t e r  11_. The ke to  e s t e r  11_ was th e n  
reduced w ith  sodium  b o ro h y d rid e  and  la c to n iz e d  in  aqueous ac id  to  g ive  
th e  la c to n e  12 i n  56.2% y ie ld .
Q
+ Me —0—CH„—CHBr—C-0—Me
10
1) Benzene, A
2 ) EgO, A
-> —0~*M6
11 (4.7%)
I J  CHj-O-Me
1) NaBH,, MeOH
12 (56.2%)
R eac tio n  o f la c to n e  1 ^  w ith  p o tass iu m  te r t - b u to x id e  a f fo rd e d  a 
m ix tu re  o f  th e  u n s a tu ra te d  la c to n e  ^  (55%), th e  hydroxy ac id  (12%) 
and th e  s t a r t i n g  m a te r ia l  11 (33%) a s  determ ined  by in f r a r e d  ( i r )  and 
pmr a n a ly s i s .
1) K-0—t-B u , 
BuOH
12
+
5 (55%) 13 (12%)
Based on th e  r e s u l t s  o f  t h i s  p re lim in a ry  s tu d y , i t  was con­
c lu d ed  th a t  y ie ld s  o f th e  r e d u c t io n / la c to n iz a t io n  and th e  e l im in a tio n  
r e a c t io n s  were s a t i s f a c to r y ,  b u t t h a t  th e  y ie ld s  o f  th e  m ethyl bromo 
e s t e r  s y n th e s is  and th e  enam ine a lk y la t io n  w ere p o o r.
g
Because o f  th e  good y ie ld s  re p o r te d  in  th e  l i t e r a t u r e   ^ e th y l  
2 -b rom a-3-etho iq rp rop iona te  I J  was p rep a red  u s in g  th e  p ro ced u re  p re v i­
o u s ly  d isc u sse d  f o r  m ethyl 2-brom o-3-m ethoxypropionate The r e a c t io n  
a f fo rd e d  e th y l  2 -b rom o-3-ethoxypropin n a te  (15) in  74.4% y ie ld .
1) Br,
CH^-Œ -ë-O-Et
2) NaOEt,EtOH
>  Et-O-CHg-CHBrXo-:Bt
15(74.4%)
The e th y l bromo e s t e r  was r e f lu x e d  w ith  enamine in  to lu e n e  
72 c r . The a lk y la te d  enam ine was n o t i s o la te d ,  b u t was tnnnedl a t e l y  
s u b je c te d  to  h y d ro ly s is  w ith  a c e t i c  a c id  and w ate r to  g iv e  k e to  e s t e r  16 .
Q
E t—O-CHg—CEBr
15
J-o -•Et + 1) T o lu en e , A 
^  2) AcOH,
HgO, A
IXo-Et
^Hg-O—Et
10
16 (24.5%)
In  a n  a tte m p t to  im prove th e  y ie ld s  o f  enamine a lk y la t i o n ,  th e  
r e a c t io n  was run  in  s e v e ra l  d i f f e r e n t  s o lv e n t s .  The r e s u l t s  a re  shown 
in  T ab le  I .
TABLE I
Compound S o lv en t T em perature Time % Y ie ld
8 MeOH R eflux 2 .2 5 h r 4 .7
15 EtOH R eflu x 12 h r 15 .5
15 DMF R eflu x 18 h r 0 .0
15 Toluene R eflux 72 h r 24.5
The p ro to n  m agnetic  resonance  spec trum , in f ra re d  spectrum  and th e  
mass spectrum  of keto  e s t e r  3 ^  a r e  shown in  F ig u re  1= The m u l t ip le t  c e n te re d  
a t  3 .4  ppm in  th e  pmr spectrum  i s  a  fo u r  p ro to n  s ig n a l  caused  by th e  
two m ethylene groups w hich f la n k  th e  e th e r  oxygen. The a p p a re n t q u a r te t  
c e n te re d  a t  1 .1 5  ppm i s  due to  th e  o v e rla p p in g  t r i p l e t s  o f  th e  two e th y l
g roups. The in f r a r e d  sp ec trum  shows an e s t e r  a b so rp tio n  a t  1732 cm-1
8F ig u re  I
S p e c tra  o f E thyl 2 -(2 -O x o cy c lo h ex y l)-3 -e th o x y p ro p io n a te  (16)
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and a slx-m em bered r in g  k e to n e  a b so rp tio n  a t  1710 cm . The mass spec­
trum  shows peaks a t  242 (M^), 197 CR^-CH^-O), and 145 (M ^- c y c le  
hexanone). A ll  o f  th e s e  s p e c t r a l  d a ta  a r e  c o n s is te n t  w ith  s t r u c tu r e  
16 . The k e to  e s t e r  1 ^  was reduced  w ith  sodium bo ro h y d rid e  in  e th a n o l 
and th e  r e s u l t in g  hydroxy e s t e r  was la c to n iz e d  w ith  aqueous a c id  to  
g ive  3 -e th o x y m e th y l-( 3H)-hexahydrobenzofuran-2-one (17) .
^ 1) NaBH,.EtOH
-0 -E t
-C-O -Et ^  4"
2) HgO, H^
16
17 (56.6%)
The s p e c tr a  o f  la c to n e  ^  a re  shown in  F igu re  I I .  The m u l t ip le t
ce n te re d  a t  3 .56  ppm in  th e  pmr spectrum  i s  a  f iv e  p ro to n  s ig n a l  caused
by th e  fo u r  m ethy lene p ro to n s  f la n k in g  th e  e th e r  oxygen and th e  p ro to n  
under th e  la c to n e  oxygen. The t r i p l e t  a t  1 .26  ppm i s  due to  th e  th re e  
p ro to n s  o f th e  te rm in a l  m ethy l o f  th e  e th e r .  The in f r a r e d  spectrum  
in d ic a te s  th e  p re se n c e  o f  a  f iv e  meri>ered r in g  la c to n e  by th e  s tro n g  band 
a t 1780 cm The mass spectrum  shows peaks a t  198 (m"*") , 154 (M  ^ -  O-CH^- 
CHg o r M^ -^CO )^ and 138 (M^ C H 2-0-E t). The s p e c t r a l  d a ta  a re  a l l  con­
s i s t e n t  w ith  th e  s t r u c t u r e  1 7 .
The u n u su a l u p f ie ld  chem ical s h i f t  e x h ib ite d  by th e  p ro to n  
under th e  la c to n e  oxygen in  be ex p la in ed  by e th e r  oxygen s h ie ld ­
in g . I f  th e  la c to n e  i s  t r a n s  fu sed  th e  p ro to n s  a t  th e  r in g  ju n c t io n  a re
th e n  t r a n s  d i a x i a l .  I f  th e  e th e r  m oiety  i s  on th e  same s id e  o f  th e
m olecule as th e  a x i a l  p ro to n  under th e  la c to n e  oxygen, th en  th a t  p ro to n
10
F ig u re  I I
S pec tra  o f 3 -e thoxym ethy l-(3H )-hexahydrobenzofuran-2-one (17)
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w i l l  be  In  c lo s e  p ro x im ity  to  th e  e th e r  oxygen. This would r e s u l t  in  
s h ie ld in g  and consequent u p f ie ld  s h i f t i n g  o f  th e  p ro to n  a b s o rp tio n . 
F ig u re  I I I  shows the  isom er t h a t  h a s  th e  p ro p er s te re o c h e m is try  to  do 
t h i s .  Models confirm  th a t  th e  e th e r  oxygen and th e  la c to n e  p ro to n  a re  
In  c lo s e  p ro x im ity . Models a l s o  show th a t  none o f  th e  e l s  r in g  fu sed  
Isom ers would show th i s  e f f e c t .
F ig u re  I I I
As can be seen  from th e  pmr o f  la c to n e  37 ( th e  m u l t ip le t  a t  4 .5  
ppm) o th e r  s te reo iso m ers  In  w hich th e  p ro to n  under th e  la c to n e  oxygen i s  
n o t  s h ie ld e d  a re  a lso  p re s e n t  and e x h ib i t  th e  expected  chem ical s h i f t .  
However, based on gas chrom atography and th e  pmr spectrum  th ey  a r e  p r e s ­
e n t  in  m inor c o n c e n tra tio n .
To c a r ry  ou t th e  f i n a l  s te p  o f  th e  r e a c t io n  sequence la c to n e  
17 was re a c te d  w ith  p o tassium  te r t - b u to x ld e .  S ince th e  crude p ro d u c t 
c o n ta in e d  b o th  th e  la c to n e  ^  and some o f th e  co rresp o n d in g  hydroxy a c id  
th e  p ro d u c t was s t i r r e d  w ith  aqueous a c id  to  com plete la c to n lz a t lo n  and 
g iv e  a l l  la c to n e  5.
r \ .1) t-BuOK. t-BuCH _
17
2) BgO,
5 (44.8%)
12
The s p e c tra  o f 3 -o e th y lenehexahydrobenzo fu ran -2 -one  O ) a re  
shown in  F igure IV . The two d o u b le ts  a t  6 .18  and 5 .42  ppm in  th e  pmr 
a r e  v e ry  c h a r a c te r i s t i c  o f  th e  two exo-m ethy lene p ro to n s  w hich a r e  in  
d i f f e r e n t  m agnetic env ironm ents. The co u p lin g  c o n s ta n ts  (2 Hz) a re  th e  
ex p ec ted  v a lu es  f o r  a l l y l i c  c o u p lin g ,. The s ig n a l  o f th e  p ro to n  
under th e  la c to n e  oxygen ap p ea rs  a s  a  m u l t ip le t  c e n te re d  a t  4 .4 7  ppm.
The p ro to n  a l l y l i c  to  th e  exo-m ethy lene and a t  th e  r in g  ju n c tu re  g iv e s  
r i s e  to  a  broad m u l t ip le t  a t  2 .97  ppm. The la c to n e  a b so rp tio n  i *  th e  i n f r a ­
re d  spec trum  f a l l s  a t  1765 cm ^ w hich i s  c o n s is te n t  w ith  th a t  o f  an a -  
m e th y len e b u ty ro lac to n e . The mams spec trum  e x h ib i t s  oeaks a t  152 (M ) ,  124 
(M- o r  CO), 96 (M^- C^Hg) and 95 ot-  C^Hg).
Because o f  th e  low y ie ld s  en co u n te red  in  th e  a lk y la t io n  re a c ­
t io n s  o f  th e  enamine th e  te c h n iq u e  and re a g e n ts  were checked by a t te m p t-
7
in g  th e  a lk y la t io n  r e a c t io n  u s in g  a  p u b lish e d  p rocedu re  . The enamine 
10 was re a c te d  w ith  m ethyl b ro m o ace ta te  (21) to  g iv e  m ethyl 2 -(2 -o x o -  
c y c lo h e x y l) - a c e ta te  (22) in  57.5% y ie ld  by gas chrom atography and in  49% 
i s o la te d  y ie ld .  The p u b lish ed  y ie ld  f o r  e th y l  2 - (2 -o x o c y c lo h e x y l)-  
a c e ta te  i s  58%/.
0
+ Br-CHg-Ü-O-Me
1) MeOH, A
CH.,-C-0-Me
22 (49%)
21
10
The s p e c tr a  fo r  compound ^  a r e  shown in  F ig u re  V. The on ly  
c l e a r l y  re so lv ed  peak  in  th e  pmr i s  th e  m ethy l e s t e r  s in g le t  a t  3 .6 3  ppm. 
The in f r a r e d  spectrum  shows e s t e r  c a rb o n y l a b s o rp tio n  a t  1740 cm ^ and
13
F ig u re  IV
S p ec tra  o f  3-M ethylenehexahyd»oben2o fu ra n -2-o n e  (5) 
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F ig u re  V
S p ec tra  o f  M ethyl 2 - (2 -O x o cy c lo h ex y l)-ace ta te  (22)
IR Spectrum  (T hin  Film ) o f  22
100
*0
TO TO
«0
30 -
to
4000 3800 9000 2800 2000 ISOO 1000 600
PMR Spectrum  (C C I.) o f 22
lOOl
Mass Spectirum o f 22
U J
<
CO
Q£
200100
m/e
15
-1
s i x  meinbered r in g  k e tone  a b s o rp t io n  a t  1714 cm . The mass spectrum  
shows peaks a t  170 (M^), 139 (M^ CH^O), 138 (M ^-m ethanol), and 97 (M^-  
th e  s id e  c h a in ) . A ll  o f th e  s p e c t r a l  d a ta  a r e  c o n s is te n t  w ith  s t r u c tu r e
The low y ie ld s  en co u n te red  in  th e  a ttem p ts to  a lk y la te  th e  
enamine can be a t t r i b u t e d  to  two f a c to r s .  However, th e  c o n t r ib u t io n  o f 
each  one in d iv id u a l ly  would b e  h a rd  to  a s s e s s  on th e  b a s is  o f  th e  l im ite d  
amount o f  work done h e re .
The f i r s t  f a c to r  i s  s t e r i c .  T h is can b e s t be  i l l u s t r a t e d  by 
th e  fo llo w in g  r e a c t io n s .
p
1) MeOH, A J4. p
?  ^  CH.-C-O-Et+ BrCH.%—C—0—Et
9
2) BgO, E
23 (58%) (R ef. 11 ).
_  _  9 1) MeOH, A
+ CH^-CHBr-g-O-Et  ------------   >  ^ CH-C-O-Et
2) HgO, H
24 (442) (R ef. 11)
9
As th e  b u lk  o f  th e  group a t ta c h e d  to  th e  a-carbon in c re a s e s  th e  y ie ld s  o f 
enam ine a lk y la t io n  d e c r e a s e . The group a ttach ed  to  th e  a -ca rb o n  o f  
bromo e s te r s  ^  and ^  was even  b u lk ie r  th a n  th e  i l l u s t r a t e d  compounds.
The second f a c to r  i s  th e  p o s s i b i l i t y  of N -a lk y la tio n  in s te a d  o f  
C -a lk y la tio n . T h is  has been  shown to  be  a  very  m ajor f a c to r  i n  some
16
12 13r e a c t io n s  * . The r e s u l t  o f  t h i s  r e a c t io n  would be th e  reco v e ry  o f a
la r g e  amount o f  th e  s t a r t i n g  k e to n e  upon h y d ro ly s is .
Because o f  th e  poor y ie ld s  encoun tered  in  th e  p rev io u s  a t te m p ts  
to  a lk y la te  cyclohexanone v ia  th e  enam ine an a l t e r n a t e  means o f accom­
p l i s h in g  t h i s  s te p  was so u g h t. A r e a c t io n  which appeared  a t t r a c t i v e  was 
t h a t  o f  an  N -a lk y l im ine magnesium brom ide w ith  an a lk y l  h a l id e .  This
14r e a c t io n  had proved v e ry  u s e fu l  fo r  a lk y la t io n s  o f u n a c tiv a te d  h a l id e s
The cy c lohexy l im ine magnesium brom ide was p rep a red  a c c o rd in g  
to  th e  p rocedu re  o f  S to rk  and Dowd^^ a s  shown in  Scheme I I .  The a lk y ­
l a t i o n  o f  th e  im ine magnesium brom ide ^  was a ttem p ted  u s in g  th e  bromo
«
e s t e r  1^  and m ethyl b rom oaceta te  (2 1 ) . In  each case  on ly  th e  bromo 
e s t e r  and cyclohexanone cou ld  b e  i s o l a t e d .
Benzene,
-HzO
19
EtMgBr
THFN N—  MgBr
20 (69.8%) 18
Except fo r  th e  a lk y la t io n  s te p  no a ttem p t was made to  maximize 
th e  y ie ld s  o f  th e  r e a c t io n s  in  th e  o v e r a l l  scheme fo r  p re p a rin g  a— 
m e th y len e b u ty ro lac to n es . A djustm ent o f  th e  c o n d itio n s  and th e  re a g e n ts  
o f  th e  r e d u c t io n / la c to n iz a t io n  and  e l im in a tio n  re a c tio n s  m ight le a d  to  
b e t t e r  y i e l d s . ■
S ince th e  com pletion o f  t h i s  work f e v e r is h  a c t i v i t y  h as  
e ru p te d  in  a t t e n ç t s  to  sy n th e s iz e  a -m e th y le n e b u ty ro la c to n e s . T his has
17
been sp u rre d  by th e  la rg e  number o f  compounds c o n ta in in g  th e  a-m ethy lene 
b u ty ro la c to n e  m oiety which have shown b io lo g ic a l  a c t i v i t y ^ .  The ap­
p roaches found in  th e  l i t e r a t u r e  a r e  o u t l in e d  in  th e  fo llo w in g  e q u a tio n s . 
Y ie ld s  shown a re  o v e r a l l  y ie ld s  from th e  in d ic a te d  s t a r t i n g  conçound.
1) Me—0—Mg—0—^—0—Me
2) CHgO, HN(Et>2
3) HOAc/NaOAc
36% (R ef. 15)
1) 30% CHgO, (Me) (Me)2NH*HCl
Dloxane 
75 M el, MeOH 
3) DMF, A
67% (R ef. 16)
N0rCH=CH-C-0-Et
HOAc, H_0
NaBH,, MeOH, 0 , 1 h r
N-H, CHCl 'High Y ie ld "  (R ef. 17)
1) Li -7 8 ° ,
2) CH^O
3) MeSOgCl, Py
THF
4) Py, R eflux
1) H.;-§-0-Et,NaH,Et2 Q,EtCH,N2
76% (R ef. 18)
2) Me,NH,Me,NH-HCl,NaBH CN,MeOH 
  -------- 1-------------------é.--------------->
3) Mel, MeOH
4) 5% NaHCO.
60% (R ef. 19)
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1) PhgC ll, DME
2 )  Ér fer
3) DBN, T oluene, A
* 05 “
60% (R ef, 1)
1) Ph^CLi, DME
Jill
2) Ph-C-O-O-^-Ph, laiE, 5
3) 450
L i
1) , THF, - 7 8 ° ,  CO
3) ICH_-S-CH
4) E+. 4
5) M el, MeOH
6) NaHCO„
24% (R ef. 20) 
74% (R ef. 21)
1) -7 8 °
2) Mel, THF, HMPA
3) 10% HCl ________________________^
4) L lN - (<  y , THF, P h 2 S e ,-7 8 ° ,
5) H^Og, AcOH,THF
6) NaHCO  ^ 77% (R ef. 22)
SUMMARY
A s y n th e t ic  ro u te  to  3-m ethylenehexahydrobenzofuran-2-one was 
e x p lo re d . S ta r t in g  w ith  cyclohexanone th e  fo llow ing  new compounds were 
sy n th e s iz e d  a s  o u t l in e d  in  Scheme I :  E th y l 2 -(2 -o x o cy c lo h ex y l)-3 -e th o x y -
p ro p io n a te  (1 6 ) , 3 -e thoxym ethy l- (3H) -hexahydrobenzofu ran -2 -o n e  (17) , and 
m ethyl 2 - (2 -o x o c y c lo h e x y l) -a c e ta te  (2 2 ) .
-C-O -Et
H ,-0 -E t
CHg-O-Et
2216 17
Y ie ld s  o f  th e  r e d u c t io n / la c to n iz a t io n  and e lim in a tio n  re a c tio n s
were s a t i s f a c t o r y .  However, y ie ld s  o f th e  a lk y la t io n  r e a c t io n  o f th e
p y r ro l id in e  enami ne o f  cyclohexanone w ere poor. In  an a ttem p t to  improve
th e  a lk y la t io n  y i e l d s ,  th e  enamine. o f cyclohexanone was re p la c e d  by the
N -cyclohexyl im ine magnesium brom ide o f  cyclohexanone. T his proved
u n su c c e ss fu l s in c e  none o f th e  a lk y la te d  p roduct cou ld  be i s o la te d .
19
EXPERIMENTAL
AU m e ltin g  p o in ts  and b o i l in g  p o in ts  a r e  im c o rre c te d . AU 
so lv e n ts  were r e d i s t i l l e d  p r io r  to  u s e . Anhydrous e th a n o l was p rep a red  
by d i s t i l l a t i o n  from magnesium. O ther anhydrous s o lv e n ts  w ere p rep ared  
by d i s t i U a t i o n  from ca lc iu m  h y d r id e . Anhydrous te tra h y d ro fu ra n  was p u r­
chased  (F ish e r  S c i e n t i f i c ) . Column chrom atography s u p p o r ts  were s ilic A R  
CC-7 (M a llin ck ro d t, 100/200 mesh) and s i l i c a  Gel H (Merck AG, D arm stadt) . 
High speed  l i q u id  chrom atography was c a r r ie d  o u t on Chromasep S 
(Chromatec, A shland, Mass. ) .
Thin la y e r  chrom atography was perform ed on 5 x  20 cm g lass  
p la te s  coated  w ith  s i l i c a  g e l H (Merck AG, D arm stadt) o r on prepared 
p la te s  of S i l  Gel G/UV^^^ (M acherey-N agel & Co. Duren) . The developed 
p la te s  w ere p laced  under u l t r a v i o l e t  l i g h t  a n d /o r  exposed to  iod ine  
v ap o rs  f o r  v i s u a l iz a t io n  o f  th e  chrom atogram .
Gas ch rom atograph ic  a n a ly se s  w ere perform ed on V arian  Aerograph
Model 1220-1 o r  Aerograph Model 1740-1 gas chrom atograph . The In fra re d  ( i r )
s p e c t r a  were reco rd ed  on a  Beckman-IR-8 sp e c tro p h o to m e te r . The 
in f r a r e d  s p e c tr a  w ere ru n  a s  a t h i n  f ilm  betw een two sodium ch lo rid e  
d is c s .
P ro ton  m agnetic reso n an ce  (pmr) s p e c tr a  w ere ta k en  on V arian
A-60 o r T-60 sp e c tro m e te rs  u s in g  te t r a m e th y ls i la n e  (TMS) as an in te rn a l
r e f e r e n c e .  Samples were ru n  in  v a ry in g  c o n c e n tra t io n s  in  carbon
20
21
t e t r a c h l o r id e .  Chemical s h i f t s  a r e  re p o r te d  in  5 -u n i ts  ( p a r t s  p e r  m il­
l i o n  from  TMS) and a re  fo llow ed  by th e  m u l t ip l i c i ty  o f  th e  s ig n a l ,  the  
number o f  p ro to n s , th e  c o rre sp o n d in g  co u p lin g  c o n s ta n t( s )  and th e  a s s ig n ­
m ent. Tlie m u l t i p l i c i t i e s  a re  deno ted  by th e  symbols: s i n g l e t ;  d ,
d o u b le t;  double d o u b le t; _t, t r i p l e t ;  £ ,  q u a r te t ;  and m, m u l t ip l e t .
The mass s p e c tr a  w ere ta k e n  on a  H ita c h i  P erk in -E lm er HMÜ-7E 
u s in g  p e rflu o ro k ero sen e-H  as  an in t e r n a l  re fe re n c e .  M ajor peaks and 
m o lecu la r ions a re  re p o r te d  fo llow ed  by th e  p e rce n tag e  o f  th e  b a se  peak.
Combustion a n a ly se s  w ere c a r r i e d  o u t by Mr. E. M eier, C hem istry 
D epartm ent, S ta n fo rd ,U n iv e r s i ty ,  S ta n fo rd , C a l ifo rn ia .
M ethyl 2-B rom o-3-m ethoxypropionate (8 ) .  The p ro ced u re  o f Wood
g
and du Vigneaud was used ex cep t th a t  m ethyl 2 ,3 -d ib ro m o p ro p io n a te  was 
n o t i s o la te d .  Bromine (159 .8  g , 1 mol) in  100 ml o f d ry  m ethanol was 
added dropw ise over a  one hour p e r io d  to  v ig o ro u s ly  s t i r r e d  m ethyl 
a c r y l a t e  (2) (86 .1  g , 1 mol) p re v io u s ly  coo led  to  0®. A f te r  a d d i t io n  o f  
th e  brom ine s o lu t io n  was cosq>lete th e  r e a c t io n  m ix tu re  was s t i r r e d  
f o r  2 .5  h r  a t  0®.
Sodium m ethoxide, p rep a red  by add ing  sodium (23 g , 1 mol) to  
300 ml o f  dry  m ethanol, was added dropw ise to  th e  co ld  s t i r r e d  r e a c t io n  
m ix tu re  over a  30 m inute p e r io d .  Sodium brom ide began to  p r e c i p i t a t e  5 
m in u tes  a f t e r  th e  a d d i t io n  was s t a r t e d .  A f te r  a l l  o f  th e  sodium  meth­
o x id e  s o lu t io n  had been added th e  r e a c t io n  m ix tu re  was a llow ed  to  come 
to  room tem p era tu re  and th e n  was s t i r r e d  f o r  one h o u r. Carbon d io x id e , 
g e n e ra te d  from d ry  i c e ,  was bubb led  th rough  th e  r e a c t io n  m ix tu re  u n t i l  
th e  s o lu t io n  was n e u t r a l  to  pH p a p e r . E th e r (200 ml) was added to  th e
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re a c t io n  m ix tu re  and th e  s o l id s  w ere removed by f i l t r a t i o n .  The s a l t  
cake was washed w ith  e th e r  and th e  so lv e n t was removed under reduced  
p re s s u re .  E th er (200 ml) was added to  th e  re s id u e  and  th e  r e s u l t i n g  
s o lu t io n  e x t ra c te d  w ith  0 .1  N h y d ro c h lo r ic  a c id  (2 x 100 m l) , s a tu r a te d  
calc ium  c h lo r id e  (100 m l) , and f i n a l l y  w ith  d i s t i l l e d  w a te r  (ICO m l) .
The e th e r  s o lu t io n  was d r ie d  over anhydrous sodium s u l f a t e  and th e  
e th e r  was removed under reduced  p re s s u re .  The r e s u l t i n g  y e llo w  o i l  
was d i s t i l l e d  to  y ie ld  m ethy l 2 -b rom o-3 -#ethoxyprop ionate  a s  a  c le a r  
l iq u id  (63 .64  g, 32.2% ), b .p .  78-83“ (10 mm) [ l i t .^ ^  b .p .  70-80° (6 mm)].
Cyclohexanone. P y r ro l id in e  Enamine (1 0 ) . The p ro c e d u re  o f
S to rk  and cow orkers^^ was used . To 117.8 g (1 .2  mol) o f  cyclohexanone (9) 
in  300 ml o f  benzene was added, in  one p o r t io n ,  93 .8  g , (1 .3 2  mol) of
p y r ro l id in e .  The m ix tu re  was reflu^red  w ith  a z e o tro p ic  rem oval o f w a te r
u n t i l  no more w a te r  was produced (ap p rox im ate ly  6 h o u rs) . The benzene
was removed under red u ced  p re s s u re .  The r e s u l t in g  y e llo w  o i l  was
d i s t i l l e d  to  y ie ld  th e  enamine as  a  c le a r  l iq u id  (136 .4  g , 75.3%) b .p .
106-109° (1 3 .nm) [ l i t . ^ °  b .p .  105-107°(13 mm)].
M ethyl 2 - ( 2 - oxocyclohexyl) -3 -m ethoxyprop ionate  (11) . To a s o lu ­
t io n  o f  m ethy l 2-brom o-3-m ethoxyprop ionate(^) (21 .6  g , 0 .1 1  m ol) in  500 
ml o f  d ioxane was added th e  cyclohexanone p y r ro l id in e  enam ine (10) (16 .6  
gm, 0 .1 1  m o l). The m ix tu re  was re f lu x e d  under n i t r o g e n  f o r  72 h o u rs .
Water (25 ml) was added and  th e  m ix tu re  was re f lu x e d  f o r  2 .25  h r .  The 
r e a c t io n  m ix tu re  was a llow ed  to  c o o l and a la rg e  ex cess  o f  w a te r  was 
added.
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The m ix tu re  was e x tra c te d  w ith  e th e r  (3  x 200 ml) and th e  e th e r  
s o lu t io n  was e x t r a c te d  w ith  5% h y d ro c n lo r lc  a c id  (2. x 50 ml) and 5% 
sodium b ic a rb o n a te  (50 m l) . The e th e r  s o lu t io n  was d r ie d  over anhydrous 
magnesium s u l f a t e  and th e  e th e r  was renoved under reduced p re s s u re .  The 
r e s u l t i n g  yellow  o i l  was d i s t i l l e d  to  y ie ld  a  p a le  ye llo w  l iq u id  (1.506 
g , 6.7%) b .p .  143-147*.
The p a le  yellow  l i q u id  was chrom atographed on 30 g o f s lllcA R  
CC-7 beglTinlKgr with b§nzeae as  the- d .u e o t and p ro g re s s in g  th rough  
6% e th y l  ace tab e -b e n zen e  m ix tu re  to  y ie ld  m ethyl 2 -(2 -o x o c y c lo h e x y l)-3 -  
m ethoxyprop lonate  (1 .055  g , 4.7%): I r  ( th in  f ilm ) 1740 cm ( e s te r )  and
1714 cm ^ (k e to n e ) ;  pmr (CCl^) 5 3 .3 -3 .8  (m, 3 , 2 m ethylene p ro to n s  
n e x t to  th e  e th e r  oxygen and one p ro to n  a  to  th e  c a rb o n y l) , 3 .6  ( s ,  3, 
m ethyl e s t e r ) ,  3 .2  ( s ,  3, m ethyl e th e r )  and 2 .5 -1 .0  (m, 9 , cyclohex­
anone) .
3 -M ethoxym ethyl-( 3H) -hexahydrobenzofu ran -2 -o n e  (12) . To a 
s o lu t io n  o f  m ethy l 2 -(2 -o x o cy c lo h ex y l)-3 -m eth o x y p ro p lo n a te  (11) (1 .055 g , 
5 mmol) in  m ethanol (20 ml) was added sodium b o ro h y d rld e  (0.265 g, 7 
mmol) and  th e  m ix tu re  was allow ed to  s t i r  a t  room te m p era tu re  fo r  2 .5  
h r .  The pH was a d ju s te d  to  2 (pH paper) w ith  c o n c e n tra te d  h y d ro ch lo ric  
a c id  and th e  m ix tu re  was allow ed to  s t i r  a t  room te m p era tu re  f o r  14.5  
h r .
The s o lv e n t was removed under reduced p re s s u re  and th e  re s id u e  
was ta k e n  up In  e t h e r .  The e th e r  s o lu t io n  was washed w ith  5% sodium 
b ic a rb o n a te  (2  x 25 m l) and w ate r (2 x  25 m l), th e n  d r ie d  e v e r  sodium 
s u l f a t e  and th e  e th e r  was removed under reduced  p r e s s u re .  The r e s u l t in g
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yellow  l i q u id  was chrom atographed on 15 g o f s ilicA R  CC-7 u s in g  3% e th y l 
a c e ta te -b e n z e n e  a s  e lu e n t to  y ie ld  3-m ethoxym ethyl-(3H )-hexahydrobenzo- 
fu ra n -2 -o n e  (12) (0 .5167 g , 56.2%): i r  ( th in  f ilm ) 1775 cm ^ ( la c to n e
c a rb o n y l) , 1170 and 1070 cm ^ ( e s t e r  carbon-oxygen s t r e tc h )  and 1105 
cm ^ ( e th e r  carbon-oxygen s t r e t c h ) ;  pmr (CCl^) S 3 .3 6 -3 .7  (m, 3, 2 
m ethylene p ro to n s  a d ja c e n t to  th e  oxygen and one p ro to n  a to  th e  c a r­
b o n y l) , 3 .3  ( s ,  3 , m ethyl e th e r ) ,  2 .5 -1 .0  (m, 10, cyclohexane) and 4 .4  
(m, 1 , p ro to n  u nder la c to n e  oxygen).
3 -M ethylenehexahydrobenzofuran-2-one (5 ) .  P o ta s s iu m - te r t-  
b u to x id e  (0 .3136 g , 28 mmol) was d is s o lv e d  in  25 ml o f t e r t - b u ty l  
a lc o h o l and  25 ml o f  e th e r .  To t h i s  s t i r r e d  s o lu t io n  under n itro g e n  
was added d ropw ise  over a  30 m inute p e r io d  3-m ethoxym ethyl- (3H) -hexa- 
hydrobenzofu ra n -2 -o n e  ( 12) (0 .5167 g , 2 .8  mmol) in  50 ml o f e th e r .  The 
m ix tu re  was a llow ed  to  s t i r  one h r  a t  room te m p era tu re  a f t e r  th e  ad­
d i t i o n  was com plete .
The pH o f  th e  r e a c t io n  m ix tu re  was a d ju s te d  to  1 (pH paper) 
w ith  c o n c e n tra te d  h y d ro c h lo r ic  a c id  and th e  m ix tu re  was allow ed to  s t i r  fo r  
72 h r .  A d d itio n a l e th e r  (100 ml) was added and th e  o rg an ic  phase was 
s e p a ra te d . The e th e r  s o lu t io n  was washed w ith  5% sodium b ic a rb o n a te  
(50 ml) and w ate r (50 m l) . The aqueous s o lu t io n s  were combined, s a tu ­
r a te d  w ith  sodium c h lo r id e  and e x t r a c te d  w ith  e th e r .  The e th e r  so lu tio n s  
w ere com bined, d r ie d  over sodium s u l f a t e  and th e  e th e r  was removed on 
th e  r o t a r y  e v a p o ra to r . I n f r a re d  ( th i n  film ) and pmr (CCl^) sp e c tra  
in d ic a te d  th e  r e a c t io n  m ix tu re  c o n ta in e d  s t a r t i n g  m a te r ia l ,  33%,
(2 -h y d ro x y c y c lo h e x y l) -a c ry lic  a c id  ( 1 3 ) » 12% and
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3-m ethylenehexahydrobenzofuran:-2-one , 55%. No f u r th e r  p u r i f i c a t i o n  
was a ttem p ted  w ith  t h i s  m ix tu re .
E th y l 2-broa>p~3-ethoxypropionate (15) . The p rocedure  o f  Wood
g
and du Vigneaud was used excep t th a t  e th y l  2 ,3 -d ib ro m o p ro p io n a te  was 
no t i s o la te d .  Bromine (159.8  g , was added dropw ise to  co ld  (0*) s t i r r e d  
e th y l a c r y la te  (14) (100 .12  g , 1 mol) o v e r a  one hour p e r io d . A f te r  th e  
a d d i t io n  o f brom ine was com plete th e  te m p era tu re  was m ain ta ined  a t  0° 
and th e  s o lu t io n  was a llow ed  to  s t i r  fo r  3 more h r .
Sodium e th o x id e , p re p a re d  by add ing  sodium (23 g , 1 m ol) to  
500 ml o f  a b s o lu te  e th a n o l ,  was added dropw ise to  th e  c o ld , s t i r r e d  
m ixture over a one h r  p e r io d .  NaBr began to  p r e c ip i ta te  im m ed ia te ly .
When th e  a d d i t io n  was com plete  th e  r e a c t io n  m ix tu re  was allow ed  to  come 
to  room te m p e ra tu re . Carbon d io x id e , g en e ra ted  from dry i c e ,  was bub­
b le d  th rough  th e  r e a c t io n  m ix tu re  u n t i l  th e  m ix tu re  was n e u t r a l  to  pH 
paper, abou t one h r .  E th e r  (500 ml) was added to  th e  re a c t io n  m ix tu re  
and th e  s o l id s  w ere removed by f i l t r a t i o n .  The s a l t  cake was washed 
w ith  e th e r  and th e  e th e r  and e th a n o l were removed under reduced  p re s s u re .  
The re s id u e  was ta k e n  up in  e th e r  (200 ml) and washed with. 5% hydro­
c h lo r ic  a c id  (3 X 100 m l) , s a tu r a te d  calc ium  c h lo r id e  (100 m l), 5% sodium 
b ic a rb o n a te  (3 x  50 ml) and w a te r . The e th e r  s o lu t io n  was d r ie d  over 
sodium s u l f a t e  and  th e  e th e r  was removed under reduced  p re s s u re .  The 
r e s u l t in g  ye llo w  o i l  was d i s t i l l e d  to  y ie ld  e th y l 2-brom o-3-ethoxy- 
p ro p io n a te  ( B )  (167.42 g , 74.4% ), b .p .  88-93* (10 mm) [ l i t . ^  b .p .  84-88* 
(10-12 mm) ] .
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E th y l 2 -(2 -o x o cy c lo h ex y l)-3 -e th o x y p ro p lo n a te  (16) .A .— To 
e th y l  2 -b rom o-3-ethoxyprop lonate  (15) (6 7 .5  g , 0 .3  mol) in  to lu e n e  (300 
ml) was added cyclohexanone p y r r o l id in e  enamine (10) (44 g , 0 .29 m o l). 
The m ix tu re  was re f lu x e d  under n i t r o g e n  f o r  72 h o u rs . A ce tic  a c id  (50 
ml) and w a te r  (50 ml) w ere added to  th e  r e a c t io n  m ix tu re  and i t  was 
a llow ed  to  r e f lu x  fo r  17 h r .
A f te r  th e  r e a c t io n  m ix tu re  had c o o le d , e th e r  (300 ml) was added 
and th e  two la y e r s  were s e p a ra te d . The o rg a n ic  phase was washed w ith  5% 
h y d ro c h lo r ic  a c id  (3 x 100 m l), 5% sodium  b ic a rb o n a te  (3 x 100 m l) ,  and 
w a te r  (2 x 50 m l) , th en  d r ie d  o v er sodium  s u l f a t e  and th e  s o lv e n t was 
removed under reduced p re s s u re .  The r e s u l t i n g  y e llo w ish  brown o i l  was 
d i s t i l l e d  t o  y ie ld  e th y l  2 -(2 -o x o c y c lo h e x y l)-3 -e th o x y p ro p io n a te  (16) 
(15 .36  g , 24.5%) b .p .  147-152“ a t  5 .5  mm. The d i s t i l l a t e  was d e te r ­
mined to  be 84% 1^ by gas chrom atograph ic  a n a ly s is .
An a n a ly t ic a l  sample was p re p a re d  by chrom atography o f  d i s t i l l ­
ed ^  on 40 gm o f s i l i c a  g e l H b eg in n in g  w ith  benzene and p ro g re s s in g  
th ro u g h  5% e th y l  a c e ta te -b e n z e n e . F r a c t io n s  4 and 5 (benzene) y ie ld e d  
a  p a le  ye llow  o i l  which was chrom atographed on h igh  speed  l iq u id
chrom atography u s in g  Chromasep S a s  th e  su p p o rt and 1% 2 -p ro p an o l/h ex an e
25a s  th e  e lu e n t to  y ie ld  a  c l e a r ,  c o lo r l e s s  o i l :  n^ 1 .4590 ; i r  ( th in
f ilm )  1735 cm ^ ( e s te r  c a rb o n y l) ,  1712 cm ^ (ketone c a rb o n y l) ,  1175 
cm ^ ( e s t e r  carbon-oxygen s t r e t c h ) ,  1110 cm ^ (e th e r  carbon-oxygen  
s t r e t c h ) ;  pmr (CCl^) 6 4 .0 8  (q , 2, m ethy lene o f  e th y l  e s t e r ) ,  3 .46  
(m, 4 , m ethy lene on each s id e  o f  th e  e th e r  oxygen), 3 .2 -1 .4  (m, 10 , 
cyclohexanone r in g  p ro to n s) and 1 .2  (q , 6 , two o v e rla p p in g  t r i p l e t s  from  
th e  te rm in a l  m ethyl groups) . Mass sp ec tru m  242 ( 1 ) ,  197 (7 ) ,  145 (7 8 ) ,
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134 (1 5 ), 120 (4 8 ) , 119 (4 6 ), 105 (1 0 0 ), 99 (4 2 ), 91 (3 2 ) , 59 (2 8 ) ,
55 (2 5 ), 43 (23) and 41 (3 0 ).
A n a l. Calcd fo r  ®22 *^ 4* 64 .44 ; H, 9 .1 5 . Found C,
64 .65; H, 9 .1 1 .
— To e th a n o l (250 m l) , d r ie d  by r e f lu x in g  over magnesium 
and d i s t i l l i n g ,  was added e th y l  2 -b rom o-3 -e thoxyprop ionate  (15) (22 .5  g , 
0 .1  mol) and cyclohexanone p y r ro l id in e  enamine (15 .1  g , 0 .1  mol) . The 
m ix tu re  was re f lu x e d  under n i t ro g e n  fo r  10 h r .  G la c ia l  a c e t i c  a c id  (30 
ml) and w a te r  (70 ml) were added and th e  m ix tu re  was allow ed to  r e f lu x  
f o r  an a d d i t io n a l  12 h r .
The r e a c t io n  m ix tu re  was c o n c e n tra te d  to  100 ml under reduced  
p re s s u re .  E th e r  (100 ml) and w a te r  (50 ml) w ere added to  th e  concen­
t r a t e  and th e  la y e r s  w ere s e p a ra te d . The e th e r  la y e r  was washed w ith  
5% h y d ro c h lo r ic  a c id  (3  x  25 m l), 5% sodium b ic a rb o n a te  (2 x 25 ml) and 
w a te r  (25 m l) , and th e n  d r ie d  over sodium s u l f a t e .  The aqueous la y e r s  
w ere com bined, s a tu r a te d  w ith  sodium c h lo r id e  and e x t ra c te d  w ith  e th e r  
(200 m l) . The e th e r  s o lu t io n  was washed w ith  5% sodium b ic a rb o n a te  
(2 X 50 ml) and w a te r (25 m l), th e n  d r ie d  over sodium s u l f a t e .  The 
e th e r  s o lu t io n s  were combined and th e  e th e r  removed under red u ced  p re s ­
s u re  to  y ie ld  a  y e llo w  o i l  (13.85 g ) . The o i l  was d i s t i l l e d  to  y ie ld  ^  
(4 .745  g , 15.5%) a c o lo r le s s  o i l ,  b .p .  148-153° (5 .5  mm).
— The a lk y la t io n  o f  th e  enam ine was a ttem p ted  under th e  
c o n d itio n s  d e sc rib e d  above excep t th a t  d im ethy l formamide was u sed  as 
th e  s o lv e n t .  None o f  th e  d e s ire d  p ro d u c t co u ld  be i s o la te d .
3 -E thoxym ethy l-(3H )-hexahydrobenzofu ran -2 -o n e  (1 7 ) . To a
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s t i r r e d  s o lu t io n  o f  e th y l  2 -(2 -o x o c y c lo h e x y l)-3 -e th o x y p ro p io n a te  (16)
(13 g , 60 mmol) in  3 ml o f  95% e th a n o l was added dropw ise o ver a 30 
m inute p e r io d  sodium b o ro h y d rid e  (0 .629  g , 16 mmol) in  20 ml o f  95% 
e th a n o l.  The m ix tu re  was a llo w ed  to  s t i r  fo r  one h r  a t  room te n p e r a tu r e , 
The pH was a d ju s te d  to  6 (pH paper) w ith  g l a c i a l  a c e t ic  a c id  and th e  r e ­
s u l t i n g  m ix tu re  was allow ed  to  s t i r  fo r  one h o u r. The e th a n o l was r e ­
moved under reduced p re s s u re  and e th e r  was added to  th e  r e s id u e .  The 
e th e r  s o lu t io n  was washed w ith  w a te r  (2 x  30 m l) , 5% sodium b ic a rb o n a te  
(2 X 20 m l) , and a g a in  w ith  w a te r  (20 m l) , th e n  d rie d  over sodium  s u l f a t e  
and f i n a l l y  th e  e th e r  was removed on a r o ta r y  e v a p o ra to r . The l a s t  
t r a c e s  o f  so lv e n t w ere removed un d er vacuum (0 .5  mm) to  y ie ld  a  yellow
o i l  (9 .0 4  gm, 85.4% ). I n f r a r e d  a n a ly s i s  in d ic a te d  th a t  re d u c t io n  was
com plete b u t  la c to n iz a t io n  was n o t .
The yellow  o i l  was ta k e n  up in  10 ml o f  95% e th a n o l. To th i s  
s o lu t io n  was added 10% h y d ro c h lo r ic  a c id  (10 m l) , and w ater (10 ml) and 
th e  f i n a l  m ix tu re  was r e f lu x e d  f o r  18 h r .  The s o lu t io n  was c o n c e n tra te d
and e th e r  (50 ml) was added to  th e  rem ain ing  aqueous s o lu t io n .  The
la y e rs  were se p a ra te d  and th e  e th e r  s o lu t io n  was washed w ith  5% sodium 
b ic a rb o n a te  (2 x  20 ml) and w a te r  (2 x 20 m l) , th e n  d r ie d  o v e r  sodium 
s u l f a t e  and co n ce n tra te d  under reduced  p re s s u re .  The re s id u e  was d i s t i l l ­
ed to  y ie ld  3-ethoxym ethy l-(3H )-hexahydrobenzofu ran -2 -o n e  (17) (6 .73  g , 
56.6%) b .p .  104-108® (0 .1  mm). The d i s t i l l e d  p roduct was found to  be 
98.5% p u re  by gas ch rom atograph ic  a n a ly s i s .
An a n a ly t ic a l  sam ple was p re p a re d  by h ig h  speed l i q u id  chrom­
ato g rap h y  u s in g  Chromasep S a s  th e  su p p o rt and 1% 2-b u tan o l/h ex a n e  as
25th e  e lu e n t  to  y ie ld  a  c l e a r ,  c o lo r le s s  o i l :  n^ 1.4687; i r  ( th i n  film )
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-1 -1 1780 cm (y l a c to n e ) ,  1170 and 1105 cm (carbon-oxygen s t r e t c h  o f the
la c to n e ) , 1010 cm ^ (carbon-oxygen s t r e t c h  o f  th e  e t h e r ) ; pmr (CCl^)
5 3 .9 -3 .3  (m, 5 , 4 p ro to n s  n e x t to  th e  e th e r  oxygen and one p ro to n  under
th e  la c to n e  oxygen), 1 .23 ( t ,  3 , m ethyl o f  e th e r )  and 2 .6 -0 .8  (m, 10,
c y c lo h ex an e). Mass spectrum  198 (2 ) ,  154 ( 7 ) ,  148 (1 0 ) , 134 (32, 128
(2 7 ), 120 (2 2 ) , 119 (1 0 0 ), 117 (3 8 ), 105 (6 2 ) , 91 (3 2 ), 67 (3 0 ), 59 (20),
55 (39) and 41 (4 8 ) .
A n al. C alcd . f o r  ^^^2^28^3" 6 6 .64 ; H, 9 .1 5 . Found: C, 66.47;
H ,9 .0 8 .
3 -M ethylenehexahydrobenzofuran-2-one ( ^ ) . To t e r t - b u t y l  a lcoho l 
(125 ml) was added p o ta ss iu m  te r t -b u to x id e  (3 .2 2  g , 28 .6  mmol) and the  
m ix tu re  was p la ced  under a  n it ro g e n  atm osphere . To th e  s t i r r e d ,  b a s ic ,  
s o lu t io n  was added dropw ise over a  30 m inute p e r io d  3 -e thox y -(3 E )-h ex a­
hydrobenzof n r  an -2 -o n e  (17) (5 .0 3  g , 25 .4  mmol) in  50 ml o f  e th e r .  The 
m ix tu re  was a llow ed  to  s t i r  under n it ro g e n  f o r  2 h r  a f t e r  a d d i t io n  o f 
th e  la c to n e  was co m ple te . The pH was a d ju s te d  to  3 (pH paper) w ith  
c o n c e n tra te d  h y d ro c h lo r ic  a c id  and th e  m ix tu re  was a llow ed  to  s t i r  fo r  
15 m in u te s .
The e th e r  and t e r t - b u t y l  a lc o h o l w ere removed on th e  ro ta ry  
e v a p o ra to r  and 50 ml o f  e th e r  and 50 ml o f  w a te r  w ere added to  th e  
r e s id u e .  The aqueous and o rg a n ic  la y e rs  were s e p a ra te d  and th e  e th e r  
s o lu t io n  was washed w ith  5% sodium b ic a rb o n a te  (2 x  25 ml) and w ater 
(25 m l), th e n  d r ie d  ov er sodium s u l f a t e  and ev a p o ra te d . The re s id u e  
was d i s t i l l e d  to  y ie ld  3 -m ethy lenehexahydrobenzofuran-2-one (1 .886 g, 
47.6%) b .p .  114-118° (1 .5  mm) [ l i t . ^  70° (0 .1  mm)] a s  a  p a le  yellow
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o i l .  T his yellow  o i l  «as chroma to  graphed on s ilicA R  CC-7 (60 gm) u s in g  
benzene a s  th e  e lu e n t to  y ie ld  3-m ethylenehexahydrobenzofuran-2-one (^) 
(1 .776  g , 44.8%) as a  c o lo r le s s  o i l .
A s p e c t r a l  s a o u le  was p rep a red  by h igh  speed l i q u id  chrom ato­
graphy u s in g  Chromasep S a s  th e  su p p o rt and 1% 2 -bu tane1/hexane as  the  
e lu e n t ;  n^^ 1.4974; i r  ( th in  film ) 3020 cm ^ (double b o n d ) , 1765 cm ^ 
(exo-m ethylene la c to n e ) ,  1664 cm ^ (exo-m ethylene double bond); pmr 
(CCl^) S 6 .07 (d , 1 , J ” 3 , exo-m ethy lene), 5 .25 (d , 1 , J= 3 , exo-m ethyl­
ene) , 4 .4 5  (m, 1 , p ro to n  under la c to n e  oxygen), 2 .96 (m, 1 , a l l y l i c  
p ro to n ) ,  2 .0 -1 .0  (m, 8 , cy c lo h ex y l p ro to n s ) .  Mass sp ec trum  152 (29)
138 (1 3 ) , 124 (100) 110 (2 1 ) , 109 (28) 96 (46) 95 (8 2 ) , 91 (2 1 ), 82 
(3 5 ) , 81 (4 5 ) , 79 (4 3 ) , 77 (2 3 ) , 68 (32) 67 (8 0 ), 57 (2 2 ) , 55 (51)
54 (51) 54 (5 1 ), 53 (4 8 ) , and 41 (7 0 ) .
M ethyl 2 - (2 -o x o c y c lo b e x y l) -a c e ta te  (2 2 ). The p ro ced u re  used 
was th a t  developed by B aum garten^for th e  e th y l e s t e r .  To anhydrous 
m ethanol (200 ml) was added m ethyl brom oacetate  (21) (6 1 .2  g , 0 .2  
mol) and th e  m ix tu re  p la ced  under a  n it ro g e n  atm osphere. To t h i s  r e -  
f lu x in g ,  s t i r r e d  s o lu t io n  was added cyclohexanone p y r r o l id in e  enamine 
(10) (3 0 .4  g, 0 .2  mol) dropw ise over a  1 h r p e r io d . The r e a c t io n  m ix tu re  
was a llow ed  to  r e f lu x  an a d d i t io n a l  2 h r .  Water (25 ml) was th en  added 
and th e  m ix tu re  re f lu x e d  f o r  an  a d d i t io n a l  2 h r .  The r e a c t io n  m ix tu re  
was coo led  and th e  m ethanol removed on th e  r o ta r y  e v a p o ra to r . W ater 
(100 ml) was added to  th e  re s id u e  and th e  s o lu t io n  was e x tra c te d  w ith  
e th e r  (3 x 100 m l) . The e th e r  s o lu t io n  was d r ie d  over sodium s u l f a t e  
and th e  e th e r  was removed under reduced  p re ssu re  to  y ie ld  a  l i g h t  orange
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o i l .  Gas chrom atography in d ic a te d  a 57.5% y ie ld  of m ethyl 2 -(2 -o x o c y c lo -  
h e x y l ) - a c e ta te . The l i g h t  o range o i l  was d i s t i l l e d  to  y ie ld  (22) (16 .64  
g , 49%) a  c o lo r l e s s  o i l  b .p .  90-92“ C  mm) which was shown to  be 99% 
pure by gas ch rom atograph ic  a n a ly se s .
An a n a l y t i c a l  sam ple was rep a red  by h ig h  speed l i q u id  chroma­
tography  u s in g  Chromasep S a s  th e  su p p o rt and 1% 2 -b u tan o l-h ex an e  a s  th e  
e lu e n t :  n^^ 1 .4619; i r  ( th in  f ilm ) 1740 cm ^ ( e s te r )  and 1715 cm ^
(six-m em bered r in g  k e to n e ) ; pmr (CCl^) 6 3 .63 ( s ,  3 , m ethyl o f e s t e r ) ,
3 .0 -1 .0  (m, 11 , r e s t  o f  p ro to n s ) ;  Mass spectrum  170 (1 6 ), 139 (4 0 ) , 138 
(6 8 ), 110 (2 0 ) , 97 (3 4 ), 82 (2 7 ) , 74 (3 3 ) , 67 (2 7 ), 59 (3 5 ) , 55 (100 ),
54 (2 1 ) , 43 (2 5 ) . 42 (2 5 ) , and 41 (7 6 ).
A n a l. C alcd . f o r  CgH^^O^: C, 63 .51; H, 8 .2 9 .  Found: C, 5 9 .3 6 ,
5 9 .0 7 ; H, 7 .6 6 ,  7 .7 7 .
N -cyclohexy lidenecyclohexy lpm ine (1 9 ) . The p ro ced u re  o f S to rk  
14and Dowd was u sed . To a  s o lu t io n  o f cyclohexanone (9) (98 .14  g,
1 mol) in  benzene (300 ml) was added cyclohexylam ine (19) (99 .14  g,
1 m o l) . The m ix tu re  was re f lu x e d  w ith  a z e o tro p ic  rem oval o f  w a te r u n t i l  
w ater ceased  to  come over (abou t 6 h ou rs) . The benzene was ev ap o ra ted  
and th e  r e s id u e  d i s t i l l e d  to  y ie ld  th e  im ine 19^  a s  a c o lo r l e s s  o i l  
(124.96 g, 69.8% ), b .p .  71-73“ (0 .04  mm) [ l i t . ^ ^  b .p .  92 -94“ (2 mm)] .
E th y l Magnesium Brom ide. To magnesium rib b o n  (5 .4 5  g , 0 .224 
mol) in  300 ml o f  anhydrous te tra h y d ro fu ra n  under n i t ro g e n  was added 
e th y l  brom ide (24 .42  g , 0 .224  mol) in  one p o r tio n . The te m p era tu re  was 
m a in ta in ed  a t  25“ . E th y l brom ide was added a s  n e c e ssa ry  d u rin g  th e
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c o u rse  o f  the  r e a c t io n  to  consume a l l  o f  th e  magnesium r ib b o n . The e th y l  
magnesium bromide v as  n o t i s o la t e d  b u t u sed  im m ediately .
Attempt-ed S y n th e s is  o f  e th y l  2 -  (2 -oxocyclohexyl) -3 -e th o x y -  
p ro p io n a te  v ia  S c h if f  Base S a l t  R e a c tio n s . (1 6 ) . The p ro ced u re  o f  S to rk  
14and Dowd was used . To th e  e th y l  magnesium brom ide r e a c t io n  m ix tu re , 
under n it ro g e n ,  was added N -cyclohexy lidenecyclohexy lam ine (19) (4 0 .1  g,
0 .224  m o l). The m ix tu re  was re f lu x e d  u n t i l  th e  e v o lu tio n  o f  e th an e  had 
stopped  (about 2 h o u rs ) and th e n  allow ed to  coo l to  room te m p e ra tu re .
To th e  cooled  r e a c t io n  m ix tu re  was added e th y l 2 -b rom o-3 -e thoxyprop ionate  
(15) (54 .9  g , 0 .265 mol) and  th e  m ix tu re  re f lu x e d  under n i t ro g e n  fo r  10 .5  
h r .  10% h y d ro c h lo r ic  a c id  (200 ml) was added and th e  m ix tu re  was r e ­
f lu x e d  f o r  1.75 h r .
The r e a c t io n  m ix tu re  was coo led  and 200 ml o f e th e r  was added .
The p hases were se p a ra te d  and th e  e th e r  s o lu t io n  was washed w ith  5%
h y d ro c h lo r ic  ac id  (2 x  50 m l) , 5% sodium b ic a rb o n a te  (2 x  50 m l) , and 
w a te r (50 ml) th e n  d r ie d  o v e r  sodium s u l f a t e .  The aqueous s o lu t io n s  
w ere s a tu ra te d  w ith  sodium  c h lo r id e  and e x tra c te d  w ith  200 ml o f  e th e r .  
The e th e r  s o lu t io n  was washed w ith  5% h y d ro c h lo r ic  a c id  (2 x  50 m l) , 5%
sodium b ic a rb o n a te  ( 2 x 5  m l) and w ater (50 m l), th en  d r ie d  over sodium
s u l f a t e .  The two e th e r  s o lu t io n s  were combined and th e  e th e r  removed 
on th e  r o ta r y  e v a p o ra to r .  The r e s u l t in g  y e llo w ish  brown o i l  was d i s t i l l ­
ed b u t  none o f cosçound 16 was found.
Attem pted s y n th e s is  o f  m ethyl 2 - (2 -o x o c y c lo h e x y l) -a c e ta te  ( 2 2 ) . 
An a t te m p t was made to  a l k y l a t e  th e  cy c lo h ex y l im ine magnesium brom ide
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o f  cyclohexanone w ith  m ethyl b ro m o ace ta te  u s in g  th e  p ro ced u re  d e s c r ib ­
ed above. However, none o f  th e  d e s ir e d  p ro d u c t was i s o la te d .
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I I .  HALITOXIN-R: ISOLATION AND PARTIAL STRUCTURE
DETERMINATION OF A TOXIC MATERIAL FROM 
THE SPONGE HALICLONA RUBENS
INTRODUCTION
H a llc lo n a  rubens i s  a  re d  tu b u la r  sponge commonly found i n  sh a l­
low (15 f e e t  o r  l e s s )  c o a s ta l  o r  r e e f  w a te rs  o f  th e  C aribbean . The 
sponge grows a s  a  s in g le  tu b u la r  s t a l k  o r  a s  a  s p a r s e ly  b ranched , f le s h y , 
t r e e l i k e  s t r u c t u r e .
1 2I t  has  been re p o r te d  ’ th a t  th e  a lc o h o l ic  e x t r a c t  o f  t ia l ic io n a  
rubens i s  to x ic  to  many sp e c ie s  o f  f i s h  bu t t h a t  a t  l e a s t  two s p e c ie s  
o f  a n g e l f i s h  fe e d  upon th e  sponge w ith  no ap p a re n t i l l  e f f e c t .  I t  was 
th e  pu rpose  o f  th e  work p re se n te d  h e re  to  a ttem p t to  i s o l a t e  and c h a r ­
a c t e r i z e  th e  to x in  produced by t h i s  sponge. The f a c t  t h a t  th e  sponge con­
ta in e d  a  to x ic  su b s ta n c e  was d isco v e re d  when th e  e x t r a c t s  were subm itted  
fo r  c a n c e r s c re e n in g . The two system s used to  t e s t  f o r  a n t ic a n c e r  a c ­
t i v i t y  w ere th e  c e l l  c u l tu r e  human epiderm oid carcinom a o f  th e  nasopharynx 
[KB, re p o r te d  a s  th e  e f f e c t iv e  dose (ED^g) in  m icrogram s/m l needed to  
in h i b i t  th e  grow th o f  c e l l s  to  50% o f th a t  o f  a  c o n t ro l  c u l tu r e ]  and in  
v iv o  t e s t i n g  in  m ice o f  lymphoid leukem ia (LE, re p o r te d  a s  m illig ram s of 
sam ple/ k ilo g ra m  o f mouse body w eight and th e  s u r v iv a l  tim e  o f t e s t  
an im als  to  c o n t ro l  a n im a ls ; ex p ressed  as  p e r c e n t) .  For KB, a  r e p o r t  o f 
any number l e s s  th a n  10 in d ic a te d  a prom ising  le v e l  o f  a c t i v i t y  w h ile  fo r
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LE a  r e s u l t  o f  125% in d ic a te d  a c t i v i t y .
A to x ic  f r a c t io n  ( a c t iv e  by KB, to x ic  by LE) was i s o la te d  from 
th e  sponge and th e  m ajor c o n s t i tu e n t  o f t h a t  f r a c t i o n  (> 80% a s  judged 
by p ro to n  m agnetic  re so n an ce  a n a ly s is )  w hich was presum ed to  b e  th e  
to x ic  m a te r ia l  was named h a l i to x in -R . A p a r t i a l  s t r u c t u r e  f o r  t h i s  com­
pound b ased  on s p e c t r a l  d a ta  and what l i t t l e  chem ica l ev id en ce  could  be 
o b ta in ed  on th e  im pure m a te r ia l  i s  p re se n te d .
An aqueous e x t r a c t  o f a  r e la te d  sponge H a lic lo n a  v i x i d i s ,  has
3
p re v io u s ly  been re p o r te d  to  have to x i c i t y  in  mice and t h i s  c ru d e  e x t r a c t  
was named h a l i t o x i n .  The t o x i c i t y  o f  th e  aqueous e x t r a c t  from  H a lic lo n a  
v ir ld r -s  i s  much l e s s  th a n  th a t  o f  th e  aqueous e th a n o l ic  e x t r a c t  of 
H a lic lo n a  ru b en s  (270 mg/kg o f body w eigh t fo r  h a l i t o x i n  v e rs u s  5 mg/kg 
o f body w eigh t f o r  h a l i to x in -R ; b o th  in je c t io n s  i n t r a p e r i t o n e a l  in  m ice) .
3
I t  has been r e p o r te d  th a t  a t  270 mg/kg dosage l e v e l  o f  h a l i to x in  a cu te  
to x ic  e f f e c t s  occur w ith in  one h o u r, w h ile  w ith  h a l i to x in - R  a t  25 mg/kg 
d e a th  o ccu rs  w ith in  t h i r t y  seconds and a t  9 mg/kg u s u a l ly  o ccu rs  w ith in  
th r e e  m in u te s .
I n  s e v e ra l  ways h a l i to x in  and h a l i to x in -R  a r e  s im i la r .  The 
symptoms e x h ib ite d  by a  mouse in je c te d  w ith  h a l i t o x i n  and h a l i to x in -R  
a r e  v e ry  s im i la r  ( tre m o rs , co n v u ls io n s , and p a r a ly s i s  p re c e d in g  d e a th ) . 
The s o l u b i l i t y  o f  h a l i t o x i n  and h a l i to x in -R  a r e  a l s o  s im i la r  ( s o lu b le  
in  w a te r and a lc o h o ls  b u t n o t in  o th e r  o rg a n ic  s o lv e n t s ) .
There a r e ,  how ever, some very  im p o r te r  ^ d i f f e r e n c e s  betw een 
h a l i to x in  and h a l i to x in -R .  H a li to x in  lo s e s  i t s  p o ten cy  when s to re d  in
3
s o lu t io n  i n  th e  c o ld  f o r  s e v e ra l  days . On th e  o th e r  hand h a l i to x in -R  
r e t a in s  i t s  po tency  when s to re d  i n  s o lu t io n  a t  room te m p e ra tu re  over
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extended  p e r io d s  o f  tim e . H a li to x in  i s  o f  r e l a t i v e l y  h ig h  m o le c u la r
3
w eigh t (n o n d ia ly z a b le )  , w h ile  h a l i to x in -R  has an ap p aren t m o lecu la r 
w eigh t o f  l e s s  th a n  1 ,000 (menhrane f i l t r a t i o n ) . Because o f  th e  d i f f e r ­
ences betw een h a l i to x in  and h a l i to x in -R  i t  i s  l i k e ly  th a t  th e y  a re  
q u i te  d i f f e r e n t  m o lecu le s .
RESULTS AND DISCUSSION
The sponge H ^T jrlona ru b en s  was c o l le c te d  from r e e f s  n ea r 
F a rg u e ra , P uerto  R ico. The sponge m a te r ia l  was a i r  d r ie d  and th e n  b roken  
in to  sm a ll p ie c e s  f o r  shipm ent and e x t r a c t io n .
A l l  e x t r a c t io n s  o f  t h e  sponge w ere perform ed a t  room te m p era tu re . 
Samples from  m ost o f  th e  f r a c t i o n s  r e s u l t in g  from th e  s e p a ra t io n  schemes 
w ere s u b je c te d  to  KB t e s t i n g  to  d e te rm in e  which f r a c t io n ( s )  re ta in e d  
a n t ic a n c e r  a c t i v i t y  and h en ce -sh o u ld  b e  c a r r ie d  on. T hree d i f f e r e n t  ex­
t r a c t i o n  and  f r a c t io n a t io n  schem es w ere used  to  o b ta in  th e  a c t iv e  
m a te r ia l .
The f i r s t  e x t r a c t io n  and f r a c t io n a t io n  method (Scheme I )  c lo s e ly
4
fo llow ed  th e  g e n e ra l p ro ced u re  o f  B urkholder and co-w orkers . Each suc­
cee d in g  s e p a ra t io n  method (Schemes I I  and I I I )  was designed  to  t r y  to  
o b ta in  c ru d e  h a l i to x in -R  w ith  few er con tam inan ts .
In  th e  f i r s t  method (Scheme I )  th e  d r ie d  sponge was e x h a u s tiv e ly  
e x tra c te d  w ith  aqueous e th a n o l (KB, 7 .0 ; LE to x ic  to  5 mg/kg d o se ) . The 
c o n c e n tra te d  aqueous e th a n o lic  e x t r a c t  was s e q u e n tia l ly  e x tra c te d  w ith  
benzene (KB, 5 4 .0 ) ,  e th y l  a c e ta t e  (KB, 4 9 .0 ) ,  and 1-b u ta n o l (KB, 4 .8 :
LE to x ic  to  5 m g /kg ). The 1 -b u ta n o l f r a c t io n  was e x tra c te d  w ith  1 N 
ammonium h y d ro x id e ; th e  ammonium h y d ro x id e  e x t r a c t  was a c id i f i e d  and 
th e  a c id ic  s o lu t io n  was e x t ra c te d  w ith  1 -b u tan o l (KB, 5 .3 ) .  T his 1 -b u ta n o l 
e x t r a c t  was th en  chrom atographed on 10% a c e ty la te d  c e l l u l o s e . The
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Scheme I
D ried  H a llc lc n a  ruben:
Aqueous e th a n o l
Residue E x tra c t
Benzene 1-B utanolE th y l A ce ta te
2 N NH.OH
2N NH^ CH 
So lub le
1 -B u tano l
s o lu b le
IN HCl
1-B utanol
1 -b u tan o l 
J  s o lu b le  
A nionic Exchange 
 Eton
Aqueous A cid 
s o lu b le
F i r s t  
200 mlR esidue
10% Ac Cel
1 -p ropano l E thanol M ethanol
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c e l lu lo s e  was e lu te d  w ith  th re e  s o lv e n ts ,  2 -p ropano l (KB, 4 .7 ) ,  e th a n o l 
(KB, 5 .2 )  and m ethanol (KB, 7 .1 ) .
In  th e  second method (Scheme I I )  th e  d r ie d  sponge was exhaus­
t i v e ly  e x tra c te d  w ith  1 -b u ta n o l s a tu ra te d  w ith  w ate r (KB, 5 0 ) . The con­
c e n t r a te d  1 -b u ta n o l e x t r a c t  was chromato graphed on p o ly p ro p y len e . The 
use  o f  p o ly e th y le n e  to  d e s a l t  an  e x t r a c t  has been re p o r te d  by Scheuer 
and Moore^ in  th e  i s o l a t i o n  o f p a ly to x in . I t  was hoped th a t  th e  use  o f 
p o lypropy lene  would accom plish  th e  same o b je c t iv e .  The p o lyp ropy lene  
column was e lu te d  s e q u e n t ia l ly  w ith  w ater (KB, 5 .3 ) ,  w a te r ;e th a n o l 
(KB, 55 .0 /), m ethanol (KB, > 100) and ch lo ro fo rm /benzene (KB, > 1 0 0 ). The 
w ater f r a c t io n  was ev ap o ra ted  to  d ry n ess  and th e  re s id u e  was e x tra c te d  
w ith  e th a n o l.  The e th a n o l s o lu t io n  was in  tu r n  ev ap o ra ted  to  d ry n ess  and 
th e  r e s id u e  was e x t r a c te d  w ith  ch lo ro fo rm . The ch lo ro fo rm  in s o lu b le  
m a te r ia l  was p a r t i t i o n e d  betw een m e th an o l/w a te r and ch lo ro fo rm /w a te r .
The m e th an o l/w a te r f r a c t i o n  was su b je c te d  to  a  m o lecu la r w eigh t s e p a ra t io n  
by membrane f i l t r a t i o n  th rough  500 and 1000 MW c u t o f f  membranes. Three 
f r a c t io n s  w ere c o l le c te d  < 500 MW (KB, > 1 0 0 ), 500-1000 MW (KB, 5 .8 )  and 
> 1000 MW (KB, 5 .7 ) .
Each tim e  a  f r a c t io n  had shown a c t i v i t y ,  a  p ro to n  m agnetic  re so ­
nance (pmr) spectrunu-was ta k en  o f  th e  m a te r ia l  to  see  i f  th e re  was a common 
s p e c t r a l  f e a tu r e  in  th e  a c t iv e  f r a c t io n s .  I t  developed th a t  th e r e  was 
such a  f e a tu r e .  Each a c t iv e  f r a c t io n  e x h ib ite d  a s e r i e s  o f th r e e  ab­
so rp tio n s  in  th e  re g io n  from 6 9 .1 -7 .9 .  As each su c c e s s iv e  p u r i f i c a t i o n  
s te p  was perform ed and th e  same p a t te r n  k ep t ap p ea rin g  i t  became more 
p ro b ab le  th a t  t h i s  f e a tu r e  was a s s o c ia te d  w ith  th e  a c t i v i t y .  Assuming 
th a t  such  a  c o r r e l a t i o n  does e x i s t ,  pmr a n a ly s is  was used in s te a d  o f
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KB t e s t i n g  to  lo c a te  th e  a c t iv e  f r a c t io n s  in  th e  v a r io u s  s ta g e s  o f  th e  
th i r d  e x t r a c t io n  method.
In  th e  th i r d  e x t r a c t io n  and f r a c t io n a t io n  method (Scheme I I I )  
th e  d r ie d  sponge was e x t r a c te d  w ith  1 -p ro p a n o l. The 1-p ro p an o l e x t r a c t  
was th e n  e x tra c te d  w ith  a c e to n e  and th e  a c e to n e  in s o lu b le  m a te r ia l  was 
soaked w ith  2 -b u ta n o l. Both th e  2-b u ta n o l s o lu b le  and in so lu b le  f r a c ­
t io n s  c o n ta in e d  h a l i to x in -R  a s  judged  by pmr a n a ly s i s .  S ince both  f r a c ­
t io n s  c o n ta in e d  th e  d e s ire d  m a te r ia l ,  b o th  w ere p ro cessed  id e n t i c a l ly ,  
b u t s e p a r a te ly .  Each f r a c t i o n  was chrom atographed on a  s ilicA R  CC-4 
column w hich was e lu te d  f i r s t  w ith  e th a n o l,  th e n  w ith  m e th a n o l/a c e to n i-  
t r i l e ,  and f i n a l l y  w ith  m e th an o l. By pmr a n a ly s i s  b o th  th e  m ethano l/ 
a c e t o n i t r i l e  and th e  p u re  m ethano l f r a c t io n s  c o n ta in e d  h a l i to x in -R , and 
th e r e f o r e ,  th e se  f r a c t io n s  w ere combined.
Because o f th e  sm a ll amount o f m a te r ia l  o b ta in ed  in  th e  ex­
t r a c t i o n  schemes I  and I I I ,  th e  > 500 MW m a te r ia l  from th e  membrane 
f i l t r a t i o n  in  Scheme I I  was c a r r i e d  on fo r  f u r th e r  p u r i f i c a t i o n .  The 
> 500 MW m a te r ia l  was chrom atographed on carboxym ethyl Sephadex. A 
s o lu t io n  o f  1 M sodium c h lo r id e  was re q u ire d  to  e lu te  h a lito x in -R  from 
t h i s  colum n. The 1 M sodium c h lo r id e  f r a c t io n  was e x tra c te d  w ith  1- 
b u ta n o l t o  d is s o lv e  h a l i to x in -R  and le a v e  (most o f)  th e  s a l t  beh ind .
The 1 -b u ta n o l s o lu b le  m a te r ia l  was tw ic e  chrom atographed on s ilicA R  CC-4 
u sin g  e th a n o l and th e n  m ethanol a s  e lu e n ts  to  g ive  a  yellow  g la s s .  That 
yellow  g la s s  gave th e  s p e c tr a  shown in  F ig u re  V I. The proposed t e n ta t i v e  
s t r u c t u r e  fo r  h a l i to x in -R  ( ^  o r  2 )  i s  based  in  la rg e  m easure on th e se  
s p e c tr a .
The in f r a r e d  spectrum  o f  h a l i to x in -R  (F ig u re  VI) shows a major
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a b so rp tio n  a t  3495 cm which would be a p p ro p r ia te  fo r  e i th e r  h y d ro x y l, 
amine o r w a te r  a b s o rp tio n . Chemical ev idence (a ttem p ted  a c é ty la t io n  and 
fo rm y la tio n ) in d ic a te s  th a t  th e  a b so rp tio n  i s  p ro b ab ly  caused  by w a te r  
r a th e r  th a n  by  hyd roxy l o r am ine. A t 3015 and 1630 cm ^ th e re  a r e  two 
a b s o rp tio n s  w hich a re  a t t r ib u t a b le  to  a p y rld ln lu m  r in g .  The rem ainder 
o f th e  i n f r a r e d  bands a re  o f th e  ty p e  expected  f o r  a lk y l  g roups.
The pmr spectrum  o f h a li to x in -R  (F ig u re  VI) i s  much more in ­
fo rm a tiv e  th a n  th e  in f ra re d  spectrum . The s i n g l e t  a t  5 9 .01  in te g r a te s  
fo r  one p ro to n  and i t s  chem ical s h i f t  p o s i t io n  i s  i n  th e  range  exp ec ted  
fo r  a p ro to n  betw een  th e  p o s i t iv e  n i t ro g e n  and a  m eta s u b s t i tu e n t  in  a 
p y rid in iu m  r i n g .  The d o u b le t a t  5 8 .9  a ls o  i n t e g r a te s  fo r  one p ro to n  
and i t s  chem ica l s h i f t  i s  a p p ro p r ia te  fo r  a p ro to n  o r th o  to  th e  p o s i t iv e  
n it ro g e n  in  a  p y rid in iu m  r in g  flan k e d  by an o r th o  s u b s t i t u t e n t .  The 5 
Kz c o u p lin g  a p p a re n t in  th e  6 8 .9  s ig n a l  i s  t y p i c a l  of o r th o  co u p lin g  in  
an a ro m a tic  r i n g .  The one p ro to n  d o u b le t a t  5 8 .5 3  i s  a t t r i b u t a b l e  to  
a p ro to n  p a ra  to  th e  p o s i t iv e  n i t ro g e n  o f a  p y rid in iu m  r in g .  The 7 Hz 
co u p lin g  i s  in  th e  ran g e  expected  fo r  o rth o  p ro to n s  on an a ro m a tic  r in g .  
The chem ica l s h i f t  and m u l t ip l ic i ty  o f th e  s ig n a l  a t  ô 8 .07  (double 
d o u b le t)  a r e  s u i t a b l e  fo r  a p ro to n  m eta to  th e  p o s i t i v e  n i t r o g e n  o f a 
p y rid in iu m  r in g  and flanked  by two o th e r  p ro to n s .  The co u p lin g  con­
s ta n t s  o f  th e  s ig n a l  a t  6 8 .07 (J=7 and 5 Hz) a r e  o f  th e  s i z e  expected  
fo r  a p ro to n  on an arom atic  r in g  w ith  two o r th o  n e ig h b o rs . This pmr 
d a ta  i s  a l l  s t r o n g ly  in d ic a t iv e  o f  a p y rid in iu m  r in g  s u b s t i tu te d  in  th e  
meta p o s i t i o n .  In  a d d i t io n ,  th e  dow nfield  p o r t io n  of th e  pmr spectrum  
o f h a l i to x in - R  i s  a lm ost id e n t ic a l  in  chem ical s h i f t  and s p l i t t i n g  
p a t te r n  w ith  th e  pmr spectrum  o f 1 - (2 -ca rb am o y le th y l) -3 -m eth y lp y rid in iu m
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c h lo r id e ^ .  Because o f  th e  method of i s o l a t i o n  ( c a t io n ic  io n  exchange 
chrom atography and e lu t io n  w ith  sodium c h lo r id e )  th e  c o u n te r  io n  fo r  th e  
p o s i t iv e  n i t ro g e n  must be c h lo r id e  io n . T h e re fo re , th e  p a r t i a l  s t r u c tu r e  
shown in  1 can  be drawn.
ÇC
U p fie ld  from th e  pyrid in ium  r in g  a b s o rp tio n s  i s  a  m u l t ip le t  a t  
6 4 .7  w hich in te g r a te s  fo r  2 p ro to n s . T h is  a b s o rp tio n  i s  somewhat ob­
scu red  b ecau se  th e  hydroxy l peak of m ethano l-d^  and th e  exchangeable 
p ro to n s  in  th e  sam ple f a l l  a lm o st on top  o f i t .  However, i f  50 y l o f 
p y r id in e -d ^  a r e  added to  th e  pmr s o lu tio n , th e  hyd roxy l a b so rp tio n  
s h i f t s  dow n fie ld  to  6 5 .22  and i t  no lo n g e r o b s c u r e s  th e  a b so rp tio n  a t  
6 4 .7 .  The p o s i t io n  o f  th e  l a t t e r  a b so rp tio n  i s  a p p ro p r ia te  fo r  two 
p ro to n s  on a  m ethylene carbon  bonded to  th e  p o s i t i v e  n it ro g e n  o f  a 
p y rid in iu m  r in g .
When th e  sam ple o f  h a lito x in -K  i s  i r r a d i a t e d  a t  ô 4 .7  th e  
b ro ad  two p ro to n  m u l t ip le t  c e n te re d  a t  6 2 .12  i s  p e r tu rb e d . C onversely 
i r r a d i a t i o n  a t  6 2 .12  p e r tu rb s  th e  m u l t ip le t  a t  6 4 .7 . T h e re fo re , th e  
p a r t i a l  s t r u c t u r e  shown in  ^  can be drawn. However, t h i s  p o r t io n  o f th e
V »-
C l
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spectrum  i s  n o t r e a d i ly  I n te r p r e ta b le  because  th e  s p l i t t i n g  p a t t e r n  o f 
th e  p ro to n s  on th e  m ethylene a d ja c e n t  to  th e  p o s i t iv e  n it ro g e n  ap p ea rs  
to  be p o o rly  r e s o lv e d . A p o s s ib le  e x p la n a tio n  i s  th a t  th e re  i s  an im­
p u r i ty  i n  th e  sample which al@o ab so rb s  a t  fi 4 .7 .
U p fie ld  from th e  a b s o rp tio n  a t  6 4 .7  i s  a two p ro to n  t r i p l e t  
(J=7 Hz) a t  6 2 .9 3  which can be a ss ig n e d  to  two p ro to n s on a m ethy lene 
a t ta c h e d  to  one o f  th e  carbons o f  a  p y rid in iu m  r in g .  When th e  p ro to n s  
ab so rb in g  a t  6 2 .93  a r e  i r r a d i a t e d  th e  broad  m u l t ip le t  a t  ô 1 .76 i s  p e r­
tu rb e d . I r r a d i a t i o n  o f th e  sam ple a t  6 1 .76 c o l la p s e s  th e  t r i p l e t  a t  6 
2 .93 to  a  s i n g l e t .  From t h i s  d a ta  th e  p a r t i a l  s t r u c tu r e  o f  2  can b e  ex­
panded to  th a t  shown in  3.
j t c r
ch ^ -c h ^ r '
The b ro a d  m u l t ip le ts  a t  6 2 .12  and 1 .7 6  have been a ss ig n e d  to  
m ethylene groups a d ja c e n t to  th e  p ro to n s  ab so rb in g  a t  6 4 .7  and 2 .9 3 , 
r e s p e c t iv e ly ,  on th e  b a s is  o f  d eco u p lin g  ev id en ce . The broad  s i n g l e t  a t  
6 1 .41 in t e g r a te s  fo r  10 p ro to n s . The chem ical s h i f t  o f  t h i s  a b s o rp tio n
i s  in  th e  ran g e  exp ec ted  f o r  m ethylene p ro to n s , e i th e r  a c y c l ic  o r  pos­
s ib ly  in  a r in g  system  o f some s o r t .
The f i n a l  a b s o rp tio n  in  th e  pmr spectrum  is  th e  d o u b le t a t  ô
0 .92  w hich in te g r a te s  fo r  3 p ro to n s  and has a  J  va lu e  o f  7 Hz. The
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chem ical s h i f t ,  th e  s p l i t t i n g  p a t te r n ,  and th e  J  v a lu e  a re  a l l  c o n s is te n t  
w ith  th e  s ig n a l  o f  a  secondary  m ethy l group s i tu a te d  somewhere a lo n g  a 
cha in  o f  m ethylene u n i t s .
S ince th e r e  a r e  no te rm in a l m ethyl group a b so rp tio n s  i n  th e  pmr 
spectrum , th e  c o n c lu s io n  can  be drawn th a t  th e  m ethylene carbons a r e  prob­
ab ly  p a r t  o f a r in g  sy stem . The s t r u c tu r e s  th a t  a r e  c o n s is te n t  w ith  
th e  in f r a r e d  and p ro to n  m agnetic  resonance  s p e c tr a  a r e  shown a s  ^  and _5.
| h 2
H - C — CH.,J
CHj-------------------W
I3 Y  a  j  c r t Y
:"2
m + n = 4 o r  5 \  T % 4- y = 8 -  10
4 5
In  o rd e r to  have a  model system  somewhat s im i la r  to  th e  <"oxic 
m a te r ia l  fo r  com parison of pmr d a ta  and fo r  e v a lu a tio n  o f  chem ical de­
g ra d a tio n  re a c tio n s  brom ide ^  was s y n th e s iz e d  by condensing  1-h exadecy l 
bromide (J) w ith  n ic o tin a m id e  (^) ^ .
:-N H ,
6
3  ^ 2^14 2
Abs. EtOH
Br‘
8 ( 63 . 4%)
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The pmr and in f ra re d  s p e c tr a  o f  th e  p y rid in iu m  s a l t  ^  a re  shown in  
F ig u re  V II. As can be seen  th e re  a re  s i m i l a r i t i e s  betw een the s a l t  ^  
and h a l i to x in -R .  In  p a r t i c u l a r  th e  dow nfield  (6 9 .1 -7 .9 )  a b so rp tio n s  in  
th e  pmr spectrum  a re  s im i la r  to  th o se  p re s e n t  in  th e  spectrum  o f 
h a l i to x in -R .
The py rid in iu m  s a l t  8^ was used to  check  re p o r te d ^  c o n d itio n s  
fo r  rem oval of th e  a lk y l  group from a q u a te rn iz e d  n i t r o g e n .  Hunig and 
co -w orkers^  have shown th a t  i f  a  q u a te rn a ry  amine s a l t  i s  re a c te d  w ith  
e th an o lam in e , one o f th e  a lk y l  groups bonded to  th e  p o s i t iv e  n itro g e n  i s  
t r a n s f e r r e d  to  th e  n i t ro g e n  o f  e th an o lam in e . In  th e  ca se  o f a p y rid in iu m  
s a l t  th e  r e s u l t  o f t h i s  r e a c t io n  would be th e  t r a n s f e r  o f  th e  a lk y l  group 
bonded to  th e  n it ro g e n  o f  th e  py rid in ium  r in g .  The r e a c t io n  of th e  
p y rid in iu m  s a l t  8^ w ith  ethanolam ine produced th e  hydroxy amine 9_ ( id e n t i ­
f ie d  by pmr a n a ly s i s ) .
II \ Â ^  H O - C H g - C H ^ - N - C H g - C C H g )
%
CH.,
8
Since th e  r e a c t io n  between e thano lam ine  and th e  pyrid in ium  s a l t  
^  was s u c c e s s fu l ,  i t  was n e x t a ttem p ted  on im pure h a l i to x in -R  from 
Scheme I I .  Even a f t e r  prolonged r e a c t io n  tim es  no reco g n izab le  p ro d u c ts  
could  be i s o la te d .
In  an a ttem p t to  o b ta in  a  p ro d u c t t h a t  would be more amenable
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F ig u re  V II
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to  i s o l a t i o n  and p u r i f i c a t i o n  a  re d u c tio n  o f  th e  p y rid in iu m  r in g  was 
a tte m p te d . I t  i s  w e ll  known^^ th a t  p y rid in iu m  s a l t s  reduce r e a d i ly  o v er 
p la tin u m  ox id e  in  ab so lu te  e th a n o l .  The re d u c tio n  r e a c t io n  was a ttem p ted  
on h a l i to x in -R  from Scheme I I .  The pmr spectrum  o f  th e  c ru d e  r e a c t io n  
m ix tu re  in d ic a te d  th a t  the p y rid in iu m  r in g  had been reduced  (no ab­
s o rp t io n  a t  6 9 .1 - 7 .9 ) .  T h is  r e s u l t  i s  su p p o rtiv e  ev idence f o r  th e
p re sen ce  o f  a  p y rid in iu m  r in g .  However no re c o g n iz a b le  p ro d u c t could  
be i s o la t e d .
Because th e  in f r a r e d  spec trum  in d ic a te d  th e  p o s s ib le  p re sen ce  
o f  a  hydroxyl o r  amine f u n c t io n a l i ty ,  a ttem p ts  w ere made to  d é r i v â t iz e  
any such m o ie t ie s .  H a lito x in -R  from Scheme I I  was re a c te d  w ith  a c e t ic  
an h y d rid e  in  p y r id in e ,  a c e tic - fo rm ic  a n h y d rid e , a c e t ic  an h y d rid e  in  
t r i e t h y l  amine and a c e t ic  an h y d rid e  w ith  boron t r i f l u o r i d e  e t h e r a te .
In  each  case  th e  h a l i to x in -R  was reco v e red  u n a l te re d .
In  an a tte m p t to  i s o l a t e  a  pu re  d e r iv a t iv e  o r a  m ajor p ie c e  o f  
h a l i to x in -R ,  th e  fo llow ing  ch em ica l co n v ers io n s  were t r i e d :
1 . O x id a tio n .
a .  Sodium d ichrom ate  and s u l f u r ic  a c id
b .  C oncen tra ted  n i t r i c  a c id
2 . R eduction .
a .  Sodium d i t h io n i t e
b . Sodium borohydride
3. H y d ro ly s is .
a .  Sodium h y d ro x id e , w a te r , m ethanol
b . Potassium  c a rb o n a te , w a te r , m ethanol
c . H ydro ch lo ric  a c id ,  w a te r ,  m ethanol
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4 . Con^îlex Form ation and Anion Exchange.
a .  F e r r ie  c h lo r id e
b . P i c r i c  a c id
c . Sodium te tr a p h e n y lb o ra te
d. C h lo ro p la t in ic  Acid
In  th e  o x id a tio n  and re d u c tio n  r e a c t io n s  th e  p roduct was a  brow nish  
yellow  gum from w hich n o th in g  re c o g n iz a b le  could  be i s o la te d .  The b a s ic  
h y d ro ly s is  gave polym er l i k e  m a te r ia l ,  w h ile  h a l i to x in -R  was reco v e red  
unchanged from  a c id ic  h y d ro ly s is .  Complex fo rm ation  and an ion  exchange 
appeared  to  o c c u r , b u t th e  r e s u l t in g  p r e c i p i t a t e s  were co m p le te ly  un­
m anageable .
Numerous a tte m p ts  were made to  p u r ify  h a l i to x in -R  by chrom ato­
graphy . The fo llo w in g  i s  a  l i s t  o f  th e  v a r io u s  types  o f chrom atographic 
methods and m a te r ia ls  t h a t  were u sed .
1 . TLC
a .  S i l i c a  Gel K.
b . S i l i c a  Gel G.
c .  C e l lu lo s e .
d . C e l lu lo s e , 10% a c e ty la te d
e . K ie se lg u h r
f . Polyam ide
g. C e l lu lo s e , DEAE
h . N e u tra l alum ina
i .  Acid washed alum ina
j . A cid washed s i l i c a  g e l
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2. Column pack ings
a .  S ilicA R  CC-4
b . C e l lu lo s e , 10% a c e ty la te d
c .  K ie se lg u h r
d . Polyam ide
e . C e l lu lo s e ,  DEAE
f . A cid alum ina
g . Sephadex G-10 and G-15
h . Sephadex LH-20
i .  Sephadex CM-25
j . S tro n g  a n io n ic  and c a t io n ic  io n  exchange r e s in s  
k . C e l i te
V arious s o lv e n t  system s w ere t r i e d  w ith  each o f th e  TLC a b s o rb e n ts . Most 
of th e  ch rom atograph ic  columns w ere e lu te d  w ith  s o lv e n t  g r a d ie n ts .
S ilicA R  CC-4 and Sephadex CM-25 w ere th e  only  column p ack in g s  to  g iv e  any 
m easurable p u r i f i c a t i o n  o f  th e  to x ic  m a te r ia l .
In  s p i t e  o f  th e  p ro d ig io u s  amount o f  e f f o r t  expended in  tr y in g  
to  o b ta in  th e  to x in  o r  one o f  i t s  d e r iv a t iv e s  in  a  p u re  s t a t e  t h i s  was 
no t accom plished . I n  n e a r ly  ev ery  r e a c t io n  o r  p u r i f i c a t i o n  method t r i e d  
th e  r e s u l t in g  p ro d u c t was a  brow nish  yellow  g la s s  o r  gum. Because o f 
t h i s  f a c t  one i s  tem pted  to  sp e c u la te  th a t  som ething i s  complexed w ith  
th e  py rid in iu m  r in g  and in t e r f e r e d  w ith  w hatever was a tte m p te d .
SUMMARY
The r e s u l t s  o f  e f f o r t s  to  I s o l a t e  a to x ic  su b s ta n c e  designated  
h a l i to x in -R  from th e  sponge H a lic lo n a  rubens a r e  d is c u s s e d . Two p o s s ib le  
s t r u c tu r e s  f o r  h a l i to x in -R  a re  p re se n te d  which a re  c o n s is te n t  w ith  a l l  
o f  th e  d a ta  now a v a i la b le .  A ll o f  th e  s p e c t r a l  d a ta  i s  c o n s is te n t  with 
th e  co n c lu sio n  th a t  h a l i to x in -R  c o n ta in s  a  p y rid in iu m  r in g  which in  
tu rn  i s  an i n t e g r a l  p a r t  o f  a la rg e r  r in g  system .
T his s e c t io n  r e p re s e n ts  fo u r y e a rs  o f ex trem ely  f r u s t r a t i n g  
work, and in  no way re p re s e n ts  th e  amount of work expended in  a ttem p ts  
to  p u r i fy  and c h a ra c te r iz e  h a l ito x in -R .
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EXPERIMENTAL
A ll m e ltin g  p o in ts  a re  u n c o rre c te d . A ll s o lv e n ts  ex cep t 95% 
e th a n o l were d i s t i l l e d  p r io r  to  u se . A bso lu te  e th a n o l was purchased  
(U .S. I n d u s t r i a l  Chem ical C o .) . Column chrom atography p ack in g s  were 
s ilicA R  CC-4 (M a llin c k ro d t, 100/200 mesh), 10% a c e ty la te d  c e l lu lo s e  
(M acherey-Nagel and C o ., Dur e n ) , k ie se lg u h r  G (E. Merck AG, D arm stad t), 
polyam ide (M. Woelm, Eschw ege), DEAE c e l lu lo s e  (Whatman), a c id ic  alum ina 
(E. Merck AG, D a rm s ta d t) , Sephadex G-10 and G-15 (Pharm acia F in e  C hem icals, 
I n c . ) ,  Sephadex LH-20 (Pharm acia F ine C hem icals, I n c . ) ,  A m b erlite  IRA- 
900 (Rohm and H aas), Dowex 50W ( J .  T. B aker), Bio-Rex 70 (B io-R ad),
C e l i te  (Johns M a n v il le ) , po lyp ropy lene  MX 3574.02 (Dow C hem ical), and 
Sephadex CM-25 (Pharm acia F ine Chem icals, I n c . ) .
Thin la y e r  chrom atography was perform ed on 5 x 20 cm g la s s  
p la t e s  w ith  s i l i c a  g e l  H (E. Merck AG, D arm stadt) o r  on p re p a re d  p la te s  o f 
S i l  Gel (M achery-N agel, D uren), MN Cel 300 (M achery-N agel,
Dur e n ) , MN Cel 300 AC 10 (M achery-N agel, Dur e n ) , K ie se lg u h r F-254 (E.
Merck AG, D arm stad t) , Polyam ide-6 (M achery-N agel, Dur e n ) , î-iN Cel 300
DEAE (M achery-Nagel, D u ren ), n e u t r a l  alum ina (E. Merck AG, D arm stad t), 
a c id  washed alum ina (M. Woelm, Eschwege), a c id  washed s i l i c a  g e l  (Mal­
l in c k ro d t)  . The developed p la te s  were p laced  under u l t r a v i o l e t  l ig h t  
a n d /o r  exposed to  io d in e  v ap o rs  o r  sprayed w ith  D ra g e n d o rf f 's  re a g e n t 
fo r  v i s u a l i z a t io n  o f th e  chromatogram .
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P ro to n  m agnetic resonance (pmr) s p e c tr a  were taken  on V arian
A -60, T-60 o r  XL-100 sp ec tro m e te rs  u s in g  te t r a m e th y ls i la n e  (TMS) as an
in t e r n a l  r e f e r e n c e .  Samples were run in  v a ry in g  c o n c e n tra tio n s  o f
m ethano l-d , o r  m e th an o l-d ,/ch lo ro fo rm -d  m ix tu re s . Chemical s h i f t s  a r e  4 4
re p o r te d  in  5- u n i t s  ( p a r ts  p e r m ill io n  from  TMS) and a re  fo llow ed by th e  
m u l t i p l i c i t y  o f  th e  s ig n a l ,  th e  number o f  p ro to n s , th e  co rrespond ing  
c o u p lin g  c o n s ta n t  and th e  assignm ent. The m u l t i p l i c i t i e s  a re  denoted 
by th e  sym bols: s ,  s in g le t ;  b s , b road  s i n g l e t ;  d , d o u b le t; dd, double 
d o u b le t ;  t ,  t r i p l e t ;  and m, m u l t ip le t .
U l t r a v io le t  (uv) sp e c tra  were ta k e n  on a 95% e th an o l s o lu tio n  
w ith  a  H i ta c h i  P erk in -E lm er, Model 124 s p e c tro m e te r . In f ra re d  s p e c tra  
w ere tak en  on a  Beckman IR-8 o r a  P erk in -E lm er Model 700 sp ec tro m ete r as 
th i n  f ilm s  o r a s  po tassium  brom ide p e l l e t s .
KB a c t i v i t y  fo r  each e x t r a c t  o r  p a r t i t i o n  s te p  te s t e d ,  i s  r e ­
p o rte d  a s  an  va lu e  follow ed by th e  LE r e s u l t  in  m ice. KB te s t in g
was perform ed in  th e  B iochem istry  D epartm ent o f th e  U n iv e rs ity  o f  Miami, 
Miami, F lo r id a ,  under th e  d i r e c t io n  of Mr. W illiam  L ic h te r ,  and th e  LE 
sc re e n in g  was perform ed by th e  Cancer Chem otherapy N a tio n a l S erv ice  
C e n te r , N a tio n a l Cancer I n s t i t u t e ,  B e th esd a , Me. T o x ic ity  t e s t s  in  
h e a l th y  mice w ere perform ed by D r. P. R. P a b ra i  in  D r. P.Î3. K au l’s 
L ab o ra to ry  o f  Pharm acology, School of Pharm acy, U n iv e rs i ty  o f  Okla­
homa. These r e s u l t s  a re  rep o rte d  as  t o x i c i t y  in  h e a l th y  m ice (THM) 
fo llo w ed  by th e  dosage le v e l  in  mg/kg o f  mouse body w e ig h t.
C o lle c t io n  o f  H a lic lo n a  ru b e n s . The sponge H a lic lo n a  rubens 
was c o l le c te d  in  3-5 f e e t  of w a te r on th e  r e e f s  n e a r  P a rg u era , P uerto  
R ico . The sponge was a i r  d r ie d  fo r  48 h o u rs  o r  a i r  d r ie d  fo r  8 hours
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and th e n  d r ie d  in  an oven a t  80° fo r  12 h o u rs . The d r ie d  sponge was 
broken  in to  sm a lle r  p ie c e s  fo r  sh ipm en t.
E x tra c tio n  o f H a lic lo n a  ru b e n s . A. ( Scheme I ) —The d r ie d  
sponge (300 g) was e x tra c te d  a t  room te m p era tu re  w ith  1 :1  95% e th a n o l/  
w a te r (2 1) and th e  e x t r a c t  was c o n c e n tra te d  to 1 l i t e r  (KB 7 .0 ,  LE
to x ic  to  5 m g/kg). The c o n c e n tra te  was e x tra c te d  s e q u e n t ia l ly  w ith
benzene (1 1; KB, 5 4 .0 ) ,  e th y l  a c e ta t e  (1 1; KB, 49 .0 ) and 1-b u ta n o l 
(1 1; KB, 4 .8 ) .  The 1 -b u ta n o l s o lu t io n  was e x tra c te d  w ith  1 1 o f  2 N
ammonium h y d ro x id e . The b a s ic  s o lu t io n  was a c id i f ie d  w ith  1 N hydro­
c h lo r i c  a c id  and then  e x t r a c te d  w ith  1 -b u ta n o l (2 x 100 m l; KB, 5 .3 ,
LE, to x ic  to  5 m g/kg). This l a t t e r  1 -b u ta n o l e x t r a c t  was c o n c e n tra te d  
and chrom atographed on A m b erlite  IRA-900 a n io n ic  exchange r e s i n  u s in g  
95% e th a n o l a s  th e  e lu e n t .  The f i r s t  200 ml o f e lu e n t w ere c o l le c te d  a s  
one f r a c t io n  and upon e v a p o ra tio n  o f  th e  so lv e n t a ffo rd e d  2.2 g c f  a  dark  
brown g la s s .  This g la s s  was chrom atographed on 50 g o f 10% a c e ty la te d  
c e l lu lo s e  packed fo r  developm ent ac c o rd in g  to  d ry  column p ro ced u re . The 
sam ple was a p p lie d  to  th e  to p  o f  th e  column absorbed on a sm a ll amount 
o f th e  column p ack ing . The column was e lu te d  w ith  2 -p ro p an o l (250 m l) , 
95% e th a n o l (250 ml) and m ethanol (250 m l) . The 2 -p ropano l f r a c t io n  
gave 0 .75 g o f  a brow nish y e llo w  g la s s  (KB, 4 .7 ) ,  th e  e th a n o l f r a c t io n  
gave 0 .1  g of a y e llo w ish  g la s s  (KB, 5 .2 ) and th e  m ethanol f r a c t io n  
gave 0 .44  g o f a y e llo w ish  g la s s  (KB, 7 .1 ) .  Pmr a n a ly se s  in d ic a te d  th a t  
each f r a c t io n  con ta ined  h a l i to x in - R ,  bu t th e  m a jo r ity  o f  i t  was in  th e
2-p ro p a n o l f r a c t io n .
(Scheme I I ) — The d r ie d  sponge (1 kg) was ground in  a  b le n d e r 
th e n  e x t ra c te d  a t  room te m p e ra tu re  w ith  1-b u ta n o l s a tu r a te d  w ith  w ate r
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(5 X 2 .5  1 ) .  The 1 -b u ta n o l e x t r a c ts  were c o n c e n tra te d  to  250 ml and the 
c o n c e n tra te  chrom atographed on p o ly p ro p y len e . The p o ly p ro p y len e  column 
was p rep a red  by s lu r r y in g  th e  p o lyp ropy lene  powder in  m ethanol and pack­
ing  th e  column u s in g  th e  same s o lv e n t .  The packed column was th e n  
e lu te d  w ich w a te r u n t i l  a l l  o f th e  m ethanol had been washed o f f .  The 
1-b u ta n o l c o n c e n tra te  was p laced  on th e  column and e lu te d  w ith  w ater to 
give (61 .96  g; KB 5 .3 ) ,  1 :1  95% e th a n o l/w a te r  (1 3 .6  g ; KB 5 5 .0 ) ,  methr- 
ano l (14 .9  g; KB > 100) and 1:1 ch lo ro fo rm /benzene (1 0 .7  g; KB > 100). 
Pmr a n a ly s i s  confirm ed th a t  h a l i to x in -R  was p re s e n t o n ly  in  th e  w ater 
f r a c t io n .  The w a te r  f r a c t io n  was ev ap o ra ted  to  d fy n e ss  and th e  re s id u e  
was soaked in  95% e th a n o l (1 1) to  g iv e  52 g o f e th a n o l s o lu b le  m a te r ia l 
(THM, 12 .5  m g/kg). The e th a n o l s o lu b le  m a te r ia l  was soaked w ith  500 ml 
o f ch lo ro fo rm  to  g iv e  1 1 .5  g o f ch lo ro fo rm  so lu b le  m a te r ia l  and 30.5 g 
o f  ch lo ro fo rm  in s o lu b le  m a te r ia l .  By pmr a n a ly s is  th e  ch lo ro fo rm  in ­
s o lu b le  re s id u e  c o n ta in e d  h a l i to x in -R .
C^ . (Scheme I I I ) — The d r ie d  sponge (198 g) was soaked in  1 .2  1 
o f 1 -p ropano l f o r  2 weeks. The s o lv e n t was d ra in e d  o f f  and th e  soaking 
re p e a te d . The two e x t r a c ts  were combined and c o n c e n tra te d  in  vacuo to  
y ie ld  1 5 .3  g o f a  d a rk  brown gum. T his gum was t r e a t e d  w ith  ace to n e  
(2 X 300 ml) and th e r e  rem ained a f t e r  t h i s  tre a tm e n t 11 .3  g o f  a  dark  
brown, ace to n e  in s o lu b le  gum. The ace to n e  in s o lu b le  m a te r ia l  was 
e x tra c te d  w ith  300 ml o f  2 -b u tan o l to  g ive  6 .23 g o f  s o lu b le  m a te r ia l  
and 5 .05  g o f  in s o lu b le  m a te r ia l .  By pmr a n a ly s is  b o th  th e  2 -b u tan o l 
so lu b le  f r a c t io n  and th e  in s o lu b le  f r a c t i o n  c o n ta in e d  h a l i to x in - R .  Each 
f r a c t io n  was d is s o lv e d  in  95% e th a n o l and chrom atographed on silicA R  
CC-4. The columns were e lu te d  w ith  95% e th a n o l,  th e n  1 :1  m ethano l/
60
a c e t o n i t r i l e  and f i n a l ly  m ethanol. The l i k e  f r a c t io n s  from each chroma­
tography  were combined and ev ap o ra ted  to  g iv e  th re e  f r a c t io n s  w ith  th e  
fo llo w in g  w e ig h ts : e th a n o l f r a c t io n  (4 .64  g ) , m e th a n o l/a c e to n i tr i le  
f r a c t io n  (3 .1 3  g) and m ethanol f r a c t io n  (0 .7 2  g ) . Pmr a n a ly s is  re v e a le d  
th a t  b o th  th e  m e th a n o l /a c e to n i t r i le  and th e  m ethanol f r a c t io n s  c o n ta in e d  
h a l i to x in -R . Hence th o se  f r a c t io n s  were combined.
S o lv en t P a r t i t i o n  (Scheme I I ) . A p a i r  o f  s o lv e n t m ix tu res  f o r  
use in  so lv e n t p a r t i t i o n  was made by m ixing m ethanol (2 1) ,  w a te r  (1 1) 
and ch lo ro fo rm  (2 1) in  a  s e p a ra to ry  funnel and a llo w in g  th e  la y e r s  to  
s e p a ra te .  The ch lo ro fo rm  in s o lu b le  re s id u e  from Scheme I I  was d i s ­
so lved  in  500 ml o f th e  w ate r/m e th an o l s o lu t io n  and e x tra c te d  (4 x 500 
ml) w ith  th e  ch lo ro fo rm /m ethano l s o lu t io n .  The ch lo ro fo rm /m ethano l 
s o lu tio n s  w ere combined and e x tra c te d  (5 x  500 ml) w ith  th e  aqueous 
m ethanol s o lu t io n .  Upon e v a p o ra tio n  th e  ch lo ro fo rm /m ethano l s o lu t io n  
y ie ld e d  5 .5  g o f  m a te r ia l  and th e  aqueous/m ethanol s o lu t io n  y ie ld e d  19 .7  
g o f  m a te r ia l .  By pmr a n a ly s is  o n ly  th e  aqueous/m ethanol s o lu t io n  con­
ta in e d  h a l i to x in -R .
M olecular W eight F i l t r a t i o n  (Scheme I I ) . The aqueous m ethanol 
s o lu b le  m a te r ia l  (19 .7  g) from th e  above so lv e n t p a r t i t i o n  f r a c t io n  
(19 .7  g) was d is s o lv e d  in  300 ml o f  w a te r and p laced  in  a  D ia-F lo  (Amicon 
C orp ., L ex ing ton , M ass.) membrane f i l t r a t i o n  u n it  over a 500 MW c u to f f  
sem iperm eable membrane, ■phe u n i t  was p re s s u r iz e d  to  60 p s i  w ith  n i t r o ­
gen and th e  f i l t r a t e  c o l le c te d .  When th e  volume in  th e  u n i t  had de­
c re a se d  to  50 m l, 250 ml o f  w a te r was added to  th e  c o n c e n tra te  and th e  
f i l t r a t i o n  re p e a te d  to  y ie ld  7.28 g o f m a te r ia l  o f  500 MW o r l e s s  (KB 
> 1 0 0 ). This m a te r ia l ,  upon pmr a n a ly s i s ,  e x h ib ite d  no a b s o rp tio n
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betw een 5 9 .1 -7 .9 .
The r e te n ta t e  from  th e  above p rocedure  was p ro cessed  in  a  s im i­
l a r  manner u s in g  a  1000 MW c u to f f  sem iperm eable membrane. Upon evapo­
r a t i o n  o f  th e  f i l t r a t e  to  d ry n ess  a brow nish yellow  g la s s  w eigh ing  9.8 
g was o b ta in e d  (KB, 5 .8 ) .  The m a te r ia l  th a t  did no t come th rough  th e  
membrane w eighed 2 .62  g (KB, 3 .7 ) .  Pmr a n a ly s is  re v e a le d  th a t  th e  l a r g e r  
p e rc e n ta g e  o f  h a l i to x in -R  was in  th e  f i l t r a t e  bu t t h a t  th e  r e t e n t a t e  
s t i l l  c o n ta in e d  a  c o n s id e ra b le  amount o f h a l ito x in -R .
Chromatography on Sephadex CM-25. The m a te r ia l  th a t  came 
th ro u g h  th e  1000 MW e x c lu s io n  membrane (9 .5  g) was chrom atographed on 
50 g o f  Sephadex CM-25 in  th e  s a l t  (Na"*") form . The column was e lu te d  
w ith  500 ml each o f  w a te r ,  0 .1  M sodium c h lo r id e ,  0 .2  M sodium c h lo r id e ,  
0 .5  M sodium c h lo r id e ,  1 M sodium c h lo r id e  and 2 M sodium c h lo r id e .  The 
o rg a n ic  m a te r ia l  was reco v e re d  from  th e  aqueous sodium c h lo r id e  s o lu t io n  
by e x t r a c t io n  o f  th e  aqueous s o lu t io n s  w ith  1-b u ta n o l, c o n c e n tra t io n  of 
th e  r e s u l t i n g  1-b u ta n o l s o lu t io n ,  and f i l t r a t i o n  o f th e  1-b u ta n o l con­
c e n t r a t e .  I f  n e c e ssa ry  t h i s  p ro c e ss  was rep ea ted  u n t i l  a l l  o f  th e  
sodium c h lo r id e  was rem oved. The 1 M sodium c h lo r id e  f r a c t io n  y ie ld e d  
5 .95 g o f  a  brow nish  y e llo w  g la s s  (THM, 9 .0  mg/kg) which co n ta in ed  
h a l i to x in -R  by pmr a n a ly s i s .  None o f  th e  o th e r  f r a c t io n s  c o n ta in e d  
h a l i to x in -R .
Chromatography on S ilicA R  CC-4. A column o f s ilic A R  CC-4 was 
p re p a re d  by s lu r r y in g  50 g o f  th e  p ack in g  m a te r ia l  in  m ethanol and de­
c a n tin g  th e  f in e s  5 t im e s . The column was packed in  m ethanol and th e n  
e lu te d  w ith  300 ml o f  m ethano l. The column was then  washed w ith  300 ml 
o f 95% e th a n o l.
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Two grams o f  th e  m a te r ia l  t h a t  came from th e  1 M sodium c h lo r id e  
f r a c t io n  o f th e  Sephadex CM-25 chrom atography was d is s o lv e d  in  5 ml o f 
95% e th a n o l and p laced  on to p  of th e  column. The column was e lu te d  w ith  
500 ml o f  95% e th a n o l and th en  500 ml o f  m ethanol; 0 .6 5  g o f  m a te r ia l  
was o b ta in e d  from  th e  e th a n o l f r a c t io n  and 0 .9 4  g from th e  m ethanol 
f r a c t i o n .  By pmr h a l i to x in -R  was p re s e n t o n ly  in  th e  m ethanol f r a c t i o n .
The 0 .9 4  g from  th e  m ethanol f r a c t io n  was chrom atographed a g a in  
on s ilicA R  CC-4 u s in g  th e  p rocedure  d e s c r ib e d  above ex cep t th a t  
th e  so lv e n t e lu t io n  sequence was 95% e th a n o l,  1:1 e th a n o l/m e th a n o l and
f i n a l l y  p u re  m ethano l. The c o l le c te d  f r a c t io n s  y ie ld e d  th e  fo llo w in g  
w e ig h ts  o f m a te r ia l :  95% e th a n o l, 25 mg, 1 :1  95% e th a n o l/m e th a n o l, 36 
mg; and m ethano l, 91 mg. The m ethanol f r a c t i o n  was th e  o n ly  one th a t  
c o n ta in e d  h a l i to x in -R  by pmr a n a ly s i s .  A ccording to  pmr spectrum  th e  
h a l i to x in -R  was ap p ro x im ate ly  95% p u re  judged  by th e  r e l a t i v e  h e ig h ts  o f 
th e  peaks o f  h a l i to x in - R  and what ap p ea rs  to  be im p u r i t ie s .  The sam ple 
e x h ib ite d  th e  fo llo w in g  s p e c t r a l  c h a r a c t e r i s t i c s :  uv X max 267.5 nm, 
i n f l e c t i o n  a t  273 nm; i r  ( th in  film ) 3495 cm ^ (w a te r) ,  3040 cm ^ 
(a ro m a tic  carbon-hydro  gen s t r e t c h )  , 1630 cm ^ (p y rid in iu m  carb o n -ca rb o n  
s t r e t c h ) ;  pmr (CD^OD) 6 9 .0 1  (s , 1 , p ro to n  on pyrid in iim i r in g  betw een 
p o s i t i v e  n i t r o g e n  and a lk y l  s u b s t i tu e n t ) ,  8 .9  (d , 1 , J=5 Hz, p ro to n  on 
p y rid in iu m  r in g  n ex t to  p o s i t iv e  n i t r o g e n ) ,  8 .53  (d , 1 , J=7 Hz p ro to n  
p a ra  to  p o s i t iv e  n i t r o g e n ) ,  8 .07 (d d , 1 , J=7 and 5 Hz, p ro to n  m eta to  
p o s i t i v e  n i t r o g e n ) ,  4 .7  (m, 2 , p ro to n s  on m ethylene group 
a t ta c h e d  to  th e  n it ro g e n  o f  th e  p y rid in iu m  r i n g ) , 2 .93  ( t ,  2 , J=7 Hz, 
p ro to n s  of m ethy lene group a tta c h e d  to  th e  py rid in ium  r in g  m eta t o  th e  
p o s i t i v e  n i t r o g e n ) ,  2.12 (m, 2, m ethy lene p ro to n s a d ja c e n t  to  m ethy lene
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group ab so rb in g  a t  4 .7 ) ,  1 .7 6  (m, 2 , m ethy lene p ro to n s  a d ja c e n t to  
m ethy lene group ab so rb in g  a t  2 .9 3 ) ,  1 .4 1  (b s ,  10, m ethy lene p ro to n s ) ,
0 .9 2  (d , 3, J=7 Hz, secondary  m ethyl g ro u p ) .
Chromatography on s ilic A R  CC-4 was a ttem p ted  a  th i r d  tim e to  
com plete clean-tç> o f  h a l i to x in -R , b u t no m a te r ia l  could  be recovered  from 
th e  column.
3 -C arbam oy l-l-hexadecy lpy rid in ium  brom ide (8) . The procedure 
o f  H a rr is  and co-w orkers was used^. To 100 ml o f  a b s o lu te  e th a n o l was 
added 1 2 .2  g (0 .1  mol) o f n ic o tin a m id e . The m ix tu re  was s t i r r e d  u n t i l  
a l l  o f th e  n ic o tin a m id e  had d is so lv e d  and th e n  30.54 g (0 .1  mol) o f c e ty l  
brom ide was added in  one p o r t io n .  The m ix tu re  was re f lu x e d ,  p ro te c te d  
by a d ry in g  tu b e , fo r  48 h r .  When th e  r e a c t io n  m ix tu re  was coo led  to  
room te m p era tu re  a  w h ite  s o l id  p r e c i p i t a t e d .  The s o l id  was removed by 
s u c tio n  f i l t r a t i o n  and th e  r e a c t io n  m ix tu re  was c o n c e n tra te d . À second 
crop o f  s o l id  was c o l le c te d  and combined w ith  th e  f i r s t  c ro p . The s o l id  
was r e c r y s t a l l i z e d  from m ethy l e th y l  k e to n e  to  y ie ld  th e  p y rid in iu m  s a l t  
_3 (27.05 g; 63.4%) a s  sm all w h ite  p la te s  m .p . 211 .5-212° w ith  
decom position  ( l i t ^ .  213 -216°); i r  (KBr) 3250 and 3100 cm ^ (N-H 
s t r e t c h ) ,  1695 cm ^ (amide ca rb o n y l a b s o r p t io n ) ,  1640 cm ^ (py rid in ium  
carb on -carbon  s t r e t c h ) ;  pmr (1 :1  CDCl^/CD^OD) 5 8 .3  ( s ,  1 , p ro ton  b e ­
tween am ide and p o s i t iv e  n i t r o g e n ) ,  8.86 (m, 2 , p ro to n s  o r th o  and p ara  
to  th e  p o s i t iv e  n it ro g e n  o f  p y rid in iu m  r i n g ) ,  8 .28 (dd , 1, p ro ton  meta 
to  th e  p o s i t iv e  n it ro g e n  o f  th e  p y rid in iu m  r i n g ) ,  4 .82  ( t ,  2, p ro to n s  o f 
m ethylene group a t ta c h e d  to  th e  p o s i t iv e  n i t r o g e n ) ,  2.2 (m, 2, p ro to n s  
o f  m ethylene group a d ja c e n t to  th e  m ethy lene group a t ta c h e d  to  th e  p o s i­
t i v e  n i t r o g e n ) ,  1 .3  (b s , 26, p ro to n s  on a lk y l  s id e  c h a in ) ,  0 .9  (m, 3,
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te rm in a l  m ethy l a b s o r p t io n ) .
N-he3cadecy l-2-am in o e th an o l ( 9) « To 10 ml o f  e th an o lam in e  was 
added 0 .5 3  g (1 .2  nmol) o f  3 -ca rb am o y l-l-h e x ad ecy lp y rid in iu m  brom ide 
(_8) . The m ix tu re  was h e a te d  on a  steam  b a th  fo r  30 m in u te s . Water 
(25 ml) was added to  th e  co o led  r e a c t io n  m ix tu re  and th e n  i t  was ex­
t r a c t e d  s e q u e n t ia l ly  w ith  benzene (50 ml) and ch lo ro fo rm  (50 m l) . The 
o rg a n ic  s o lu t io n s  w ere combined and th e  s o lv e n ts  were ev ap o ra ted  to  
y ie ld  th e  hydroxy amine pmr (CDCl^) 6 3 .58  ( t ,  2 , ) ,
2 .7 5  ( t ,  4 ,  H O -C H ^-C H g-N :;:^), 2 .4 8  ( s ,  2 , -OH and -NH), 1 .3  (b s , 28, 
m ethylene p ro to n s ) ,  0 .9  (m, 3, te rm in a l  m ethyl g roup ).
R eduction  o f  H a li to x in -R . P la tin u m  o x id e  (0 .38  g) was suspended 
in  a b s o lu te  e th a n o l (10 ml) and p reh y d ro g en a ted  fo r  2 h r  a t  a tm ospheric  
p re s s u re  and room te m p e ra tu re . To th e  s t i r r e d  s o lu tio n  o f  th e  c a t a ly s t  
was added 0 .2 8  g o f th e  m a te r ia l  t h a t  cams from  Sephadex CM-25 chroma­
to g ra p h y . The m ix tu re  was hyd rogenated  a t  room te m p era tu re  and atmo­
s p h e r ic  p re s s u re  fo r  18 h r .  The c a t a ly s t  was removed by f i l t r a t i o n  and 
th e  e th a n o l evap o ra ted  a t  reduced  p re s s u re .  The pmr spectrum  o f  th e  
r e s id u e  was devoid o f  any a b s o rp tio n s  in  th e  ô 7 .9 -9 .1  re g io n  and hence 
i t  co u ld  be  concluded th a t  th e  p y rid in iu m  r in g  had been red u ce d . TLC 
in d ic a te d  a  v ery  complex m ix u tre  which could  n o t be re s o lv e d  by chroma­
to g rap h y .
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I l l . STUDIES ON THE RED PIGMENTS FROM THE SPONGE HALICLONA RUBENS
INTRODUCTION
In  a d d i t io n  to  th e  to x in  d isc u sse d  in  th e  p re v io u s  s e c t io n ,  a 
s e r i e s  o f  re d  p igm ents were i s o la te d  from th e  sponge H a lic lo n a  ru b e n s . 
These p igm ents com prise  th e  m a jo r i ty  o f  th e  n a tu ra l  c o lo r  o f  th e  sponge.
The f a c i l e  e x t r a c t io n  o f  th e s e  pigm ents was d isc o v e re d  somewhat 
by a c c id e n t .  I t  had been no ted  th a t  upon c o l le c t io n  a  s l i g h t  red  c o lo r  
b le d  from  th e  sp onge . However, th e r e  was no in d ic a t io n  th a t  th e s e  p ig ­
ments would e x t r a c t  e a s i l y  a f t e r  th e  anim al was d r ie d .  A d ay ’s  c o l le c ­
t io n  o f  th e  sponge had been sp read  on th e  f l a t  ro o f o f  one o f  th e  b u ild ­
in g s  a t  The U n iv e rs i ty  o f  P uerto  R ico , Mayaguez, M arine S c ien ces  Labora­
to ry  a t  P a rg u e ra , P u e rto  R ico. An a f te rn o o n  r a in  shower came up b e fo re  
th e  sponge cou ld  b e  removed from th e  ro o f .  A cascade  o f  red  w a te r was 
n o tic e d  is s u in g  from  th e  ro o f .  When th e  sponges w ere re sc u e d  from the  
ro o f ,  th e y  had a  d ec id ed  b leach ed  ap p ea rance .
The purpose  o f  th e  work p re se n te d  h e re  was to  i s o l a t e  and 
c h a r a c te r i z e  th e  re d  p igm ents. The d a ta  a v a i la b le  a t  t h i s  tim e w i l l  be 
p re s e n te d . The pigm ents w ere t e s t e d  fo r  b io lo g ic a l  a c t i v i t y  b u t were 
found to  be in a c t iv e .
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RESULTS AND DISCUSSION
B atches o f H a lic lo n a  rubens w hich had a lre a d y  been e x tra c te d  
w ith  aqueous e th a n o l to  remove th e  KB a c t iv e  m a te r ia ls  d iscu ssed  
in  th e  p re v io u s  s e c t io n  were used  as so u rce  m a te r ia l  fo r  th e  
i s o l a t i o n  o f  th e  red  p ig m en ts . Repeated e x t r a c t io n  of th e  aqueous 
e th a n o l p ro c e sse d  sponge specim ens a t  room tem p era tu re  w ith  d i s t i l l ­
ed w a te r  gave a  deep red  e x t r a c t . This e x t r a c t  was ly o p h i l iz e d , and 
th e  r e s id u e  was d is s o lv e d  in  a  minimum amount o f  w ater and f i l t e r e d .  
A d d itio n  o f  m ethanol to  g iv e  a  60/40% m ix tu re  by volume o f m ethano l, 
caused  p r e c i p i t a t i o n  o f  th e  re d  pigment m a te r ia l .  The p r e c ip i ta te d  
red  p igm ents were f i l t e r e d  from th e  s o lu t io n  and chrom atographed tw ice  
on Sephadex G-15.
The red  f r a c t io n  from th e  Sephadex chrom atography was hydro lyzed  
in  6 N h y d ro c h lo r ic  a c id  u s in g  th e  p ro ced u re  o f  Moore and S te in ^ . Thin 
l a y e r  chrom atography (TLC) of th e  h y d ro ly sa te  on c e l lu lo s e  re v e a le d  a 
la rg e  number o f  p o s i t i v e  s p o ts  when th e  p l a t e  was sprayed  w ith  n in h y d r in . 
When th e  p l a t e  was sp rayed  f i r s t  w ith  sodium p e r io d a te  and then  b e n z id in e  
a  y e llo w  sp o t a t t r i b u t a b l e  to  a  sugar was found . In  view  o f th e se  p re ­
lim in a ry  f in d in g s  th e  h y d ro ly sa te  was s u b je c te d  to  amino ac id  a n a ly s i s .  
The r e s u l t s  o f  th a t  a n a ly s is  a re  shown i n  T ab le I I  where th e  r e l a t i v e  
amounts o f  amine a c id s  w ere c a lc u la te d  u s in g  th e  q u a n ti ty  of p heny l­
a la n in e  a s  th e  u n i t  in t e g r a l  m olar q u a n t i ty .
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TABLE I I
Amino Acid A n aly sis  o f  Red P igm ents.
Amino Acid M icro m oles/ 
t o t a l  sample
Minimum
re s id u es /m o le
N earest
In te g e r
1 . L ysine 0.0412 2 .4 2
2 . H is t id in e 0.0237 1 .4 1
3. A rg in in e 0.0264 1 .5 2
4. A sp a r tic  Acid 0.0790 4 .5 5
5. T hreonine 0.0258 1 .5 2
6. S e r in e 0.0505 2 .9 3
7. G lutam ic Acid 0.0624 3 .6 4
8 . P ro l in e 0.0310 1.8 2
9. G lycine 0.0439 2.6 3
10. A lan ine 0.0165 2.2 2
11. V aline 0.0352 2.0 2
12. I s o le u c in e 0.0195 1.1 1
13. L eucine 0.0462 2 .7 3
14. T yrosine 0 .0041 0.2 0
15. P h en y la lan in e 0 .0172 1.0 1
16. Glucosamine 0 . 02^ 1.2 1
17. Hydroxy P ro lin e 0.0495 2.6 3
18. C y s te ic  Acid 0.0447 2.6
re s id u e s
3
40
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From th e  d a ta  in  Table I I  i t  would ap p ea r th a t  th e  pigm ent 
c o n ta in s  amino a c id s ,  amino su g a rs , and p ro b ab ly  a  s e p a ra te  chrom ophore. 
Assuming th a t  th e  minimum re s id u e s /m o le  rounded o f f  to  th e  n e a r e s t  
in t e g e r  i s  c o r re c t  an av erag e  m o lecu la r w eigh t f o r  th e  p e p tid e  and g lu ­
cosam ine p o r t io n  o f  th e  pigm ent would be ab o u t 4 ,5 0 0 . The h y d ro ly s is  
p roced u re  used m inim izes th e  lo s s  o f  ty ro s in e  by o x id a t io n .  T h e re fo re , 
th e  t r a c e  o f  ty ro s in e  re p o r te d  would seem to  in d ic a te  th a t  o x id a tio n  o f 
ty ro s in e  had o ccu rred  in  th e  i s o la t io n  p ro ced u re  o r th a t  th e  pigm ent 
m a te r ia l  i s  a m ix tu re  o f  p igm ents w ith  ty ro s in e  p re s e n t  in  p erhaps o n ly  
one o f th e s e .
In  an e f f o r t  to  f u r th e r  p u r ify  th e  pigm ent a f t e r  th e  two 
Sephadex G-15 ch rom atograph ies an anod ic  p o ly ac ry lam id e  d is c  g e l e l e c t r o ­
p h o re s is  was perform ed . The e le c tro p h o re s is  e f f e c te d  th e  s e p a ra t io n  o f 
s ix  ban d s. The le a d in g  band was yellow  and th e  f iv e  rem ain ing  bands 
w ere r e d .  Judged on th e  b a s is  o f c o lo r  i n t e n s i t y  th e re  w ere two m ajor 
red  bands and th re e  m inor red  bands.
The two m ajor red  bands were each s u b je c te d  to  amino a c id  a n a l­
y s i s .  The a n a ly s is  o f  th e  band th a t  moved f a s t e r  i s  shown in  T ab le I I I  
w ith  th e  q u a n t i ty  o f  p r o l in e  observed  ta k e n  a s  th e  u n i t  m icrom ole 
q u a n t i ty .  I f  rounding  o f f  th e  minimum re s id u e s /m o le  i s  c o r r e c t  th e n  
th e  m o lecu la r w eigh t f o r  th e  p e p tid e  and g lucosam ine p o r t io n  o f  th e  p ig ­
ment i s  abou t 6 ,200 . At t h i s  w r i t in g  th e  r e s u l t s  o f th e  amino a c id  
a n a ly s is  o f  th e  slow er m ig ra tin g  band have n o t been  re c e iv e d .
In  an a ttem p t to  b re a k  th e  pigm ent in to  more m anageable p a r ts
2
i t  was s u b je c te d  to  t r i a l  d eg rad a tio n  w ith  t r y p s in  and chym otrypsin  .
As judged  by g e l e le c t ro p h o re s is  th e  pigm ent m ix tu re  was n o t a f f e c te d
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TABLE I I I
Amino Acid A nalysis  o f  Red Pigm ent From 
F a s te r  Moving E le c tro p h o re s is  Band
Amino Acids Micro m oles/ 
t o t a l  sample
Minimum 
re s id u e s /m o le
N earest
In te g e r
1 . Lysine 0.0027 1.1 1
2. H is t id in e 0.0031 1.2 1
3. A rg in ine 0.0026 1.0 1
4. A sp a rtic  Acid 0.0162 6 .5 7
5. Threonine 0.0096 3 .8 4
6. S erin e 0.0104 4 .2 4
7. Glutamic Acid 0.0148 6.0 6
8. P ro lin e 0.0025 1.0 1
9. G lycine 0.0156 6.2 6
10. A lanine 0.0165 6. 6 7
11. V aline 0.0107 4 .3 4
12. Iso le u c in e 0.0065 2 .5 3
13. Leucine 0.0100 4 .0 4
14. T yrosine 0.0044 1 .5 2
15. P h en y la lan in e 0.0061 2 .3 2
16. Glucosamine 0.0101 4 .0 4
re s id u e s 57
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by tre a tm e n t w ith  e i t h e r  o f  th e s e  enzymes. When th e  pigm ent m ix tu re  was
su b je c te d  to  b a s ic  h y d ro ly s is  in  6 N sodium hydrox ide  th e  c o lo r  changed
b u t n o th in g  could  be i s o la te d  th a t  would g ive  any in d ic a t io n  o f th e
3 4n a tu re  o f th e  chrom ophore. A ccording to  Goodwin and N ico l c a ro te n o id
pigm ents a r e  very  common in  sponges and th e  v i s i b l e  spectrum  o f  th e  red
3pigm ent i s o la te d  from H a lic lo n a  rubens i s  c o n s is te n t  w ith  a c a ro te n o id  
chromophore (X max 5 05 ). T h e re fo re , th e  chromophore i s  p o s s ib ly  a 
c a ro te n o id  w hich would make th e  pigm ent a  c a ro te n o p ro te in .
I t  would seem l i k e l y  th a t  th e  f iv e  red  bands o b ta in ed  on p o ly a c ry l­
amide gel e le c t ro p h o re s is  each c o n ta in  th e  same chromophore and th a t  they  
d i f f e r  by way o f  m o lecu la r w e ig h t, amino a c id  com position  and sequence o f  
th e  p e p tid e  u n i t s .  This would seem to  be bo rne  ou t by th e  r e s u l t s  o f th e  
amino a c id  a n a ly s i s .  For exam ple, th e re  a r e  two amino a c id s  found in  th e  
pigm ent m ix tu re  from Sephadex chrom atography which a re  no t found in  th e  
s in g le  band i s o la te d  by d is c  g e l  e le c t r o p h o r e s is .  F u rtherm ore , th e  
r e l a t i v e  c o n c e n tra t io n s  o f  some o f  th e  in d iv id u a l  amino a c id s  v ary  w idely  
betw een th e  m ix tu re  a n a ly s is  and th e  in d iv id u a l  band a n a ly s i s .
F u r th e r  work on th e  p igm ents shou ld  focus on i s o la t in g  th e  chromo­
phore  and c h a ra c te r iz in g  i t .  A p o s s ib le  approach  to  t h i s  problem  would 
be to  f i r s t  e n z y m a tic a lly  c le a v e  th e  p e p tid e  ch a in  w ith o u t d is tu rb in g  
th e  chromophore and th e n  to  i s o l a t e  and c h a r a c te r iz e  th e  chromophore 
c o n ta in in g  p o r tio n  o f th e  m olecu le  under c o n d itio n s  which would avo id  
f u r th e r  h y d ro ly s is .  In  a d d i t io n ,  to  com plete th e  s t r u c tu r e  o f th e  p ig ­
ment i t  would be n e c e ssa ry  to  sequence th e  p e p t id e .
SUMMARY
S e v e ra l re d  pigm ents have been i s o la te d  from  th e  sponge 
H a lic lo n a  ru b e n s . The amino a c id  co n ten t o f  th e  m ix tu re  o f pigm ents and 
th e  amino a c id s  p re s e n t  in  one o f th e  m ajor bands from  po lyacry lam ide 
g e l e l e c t r o p h o r e s is  a re  p re se n te d . Based on th e  ev idence  a v a i la b le  a t  
t h i s  tim e some s p e c u la tio n s  were made co n ce rn in g  th e  g e n e ra l i d e n t i t y  
o f  th e  chromophore in  th e  pigm ent. I t  seems l i k e l y  th a t  th e  chromophore 
i s  c a ro te n o id  in  n a tu re  because  o f th e  s i m i l a r i t i e s  in  v i s i b l e  a b so rp tio n  
spectrum  of th e  p igm ent from H alic lo n a  rubens to  th a t  o f o th e r  rep o rte d
72
EXPERIMENTAL
The column chrom atography pack ing  used was Sephadex G-15 
(Pharm acia F in e  C hem icals, I n c . ) .  Thin la y e r  chrom atography was p e r­
formed on p rep a red  p l a t e s  o f  MN Cel 300 (M achery-Nagel, D uren).
Amino a c id  a n a ly se s  were perform ed on a  Biochrom am in o -ac id - 
a n a ly s e r  (Bio Gal In s tru m en t Co. Richmond, C a l i f . )  o r  a  Beckman Model 
120 C A utom atic Acid A n a ly ze r.
U l t r a v io le t  (uv) s p e c tr a  were o b ta in e d  on a  Beckman DK s p e c tro ­
photom eter u s in g  d i s t i l l e d  w a te r as  s o lv e n t .
P o lyacry lam ide  g e l e le c tro p h o re s is  was perform ed on a  B uchler
P o ly a n a ly s t D isc E le c tro p h o re s is  A pparatus (B uchler In s tru m en t D iv . , 
N u c lear-C h icago , C o rp .) .  The g e l e le c tro p h o re s is  was run  in  tu b es  75 x 
5 mm. The low er g e l ( ru n n in g  g e l)  was 45 mm long  and th e  upper g e l 
( s ta c k in g  g e l)  was 10 mm lo n g .
E x tra c tio n  o f  H a lic lo n a  ru b en s . The d r ie d  sponge (400 g) was 
e x t r a c te d  w ith  aqueous e th a n o l t o  remove th e  to x ic  m a te r ia l  (S e c tio n  11 ). 
The sponge re s id u e  was then  e x tra c te d  w ith  d i s t i l l e d  w a te r ( 5 x 1 1 )  to  
g iv e  a  deep red  cloudy s o lu t io n .  The e x t r a c t  was f i l t e r e d  and th e n  con­
c e n t r a te d  to  500 m l. To th e  c l e a r  c o n c e n tra te  was added 750 ml o f 
m ethanol and th e  p r e c ip i t a t e d  crude red  pigm ent was c o l le c te d  by f i l ­
t r a t i o n .  The s o l id  pigm ent was taken  up in  100 ml o f  w a te r  and th e  
r e s u l t in g  c le a r  red  s o lu t io n  was c o n ce n tra te d  to  15 m l. T h is  s l i g h t l y
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cloudy c o n c e n tra te  was chrom atographed tw ice  on 280 g o f Sephadex G-15 
u s in g  w a te r  as th e  e lu e n t  to  y ie ld  2 .3  g o f  th e  re d  p igm ent; uv X max 
505 and 265 nm.
H y d ro ly s is  o f  th e  Pigm ent. The pigm ent m ix tu re  was hydro lyzed  
acco rd in g  to  th e  p ro ced u re  o f Moore and S te in ^ . The re d  pigm ent m ix tu re  
(1 .3  mg) o b ta in e d  by two s e q u e n tia l  chrom atograph ies o v er Sephadex G-15 
was p laced  in  a  16 x 150 mm pyrex  t e s t  tu b e  and 1 ml o f  6 N h y d ro c h lo r ic  
a c id  was added . The tu b e  was c o n s tr ic te d  and th e  a c id ic  s o lu t io n  was 
fro zen  in  a d ry  ic e  2 -p ro p an o l b a th . To remove d is s o lv e d  oxygen th e  
fro zen  s o lu t io n  was ev acu a ted  and th e  p re s s u re  was m a in ta in ed  a t  1 mm 
fo r  4 h r .  The tube  was s e a le d  under vacuum and a f t e r  f i r s t  a llo w in g  th e  
s o lu t io n  to  thaw , th e  s e a le d  tu b e  was p la ced  in  an oven and h e a te d  a t  
110° f o r  20 h r .  A f te r  th e  tu b e  had coo led  i t  was opened and th e  r e s u l t ­
in g  brown s o lu t io n  was f i l t e r e d  to  remove th e  suspended b la c k  p a r t i c l e s .
The w a te r was removed under reduced p re s s u re .  W ater (1 ml) was added to  
th e  re s id u e  and then  ev ap o ra ted  ^  vacuo . The a d d i t io n  o f w a te r  and 
subsequent rem oval o f  i t  under reduced p re s su re  was re p e a te d  u n t i l  th e  
odor o f h y d ro c h lo r ic  a c id  cou ld  no lo n g e r be d e te c te d .  This sample was 
su b m itted  f o r  amino a c id  a n a ly s is .  The r e s u l t s  o f  t h i s  a n a ly s i s  a re  
shown in  T ab le I I .
TLC of Red Pigm ent H y d ro ly sa te . The red  p igm ents (115.5  mg) 
w ere hyd ro lyzed  as d e sc r ib e d  above. (TLC a n a ly s is  o f th e  h y d ro ly sa te  was 
perform ed on MN Cel 300 u s in g  a  m ix tu re  o f 2 -p ro p an o l (4 0 ), form ic a c id  (2) 
and w a te r (10) a s  th e  develop ing  s o lv e n t .  Upon sp ra y in g  th e  p la te  w ith  
n in h y d r in  many p o s i t i v e  sp o ts  app ea red . These p o s i t iv e  sp o ts  a re  in d ic ­
a t iv e  o f  amino a c id s .
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A lte rn a te ly  when th e  developed p la te  was sprayed  f i r s t  w ith  a 
sodium p e r io d a te  s o lu t io n ,  th e n  a llow ed  to  dry  and sprayed  w ith  a 
b en z id in e  s o lu t io n ,  a ye llow  spo t on a  b lu e  background app ea red . This 
sp o t i s  in d ic a t iv e  o f a s u g a r .
P o lyacry lam ide D isc  Gel E le c tro p h o re s is  o f Red P igm en ts. The 
g e l m ix tu re s , b u f f e r  com position  and c o n c e n tr a t io n s ,  and th e  p rocedure 
was th a t  o f O rs te in  and D av is^ . No tr a c k in g  dye was used because th e  
d e s ire d  bands a r e  c o lo re d . To 24 mg o f  th e  c ru d e  p r e c ip i ta te d  m ix tu re  
was added 180 y l  o f  d i s t i l l e d  w a te r. Small sam ples of t h i s  pigm ent 
s o lu tio n  (15 y l  c o n ta in in g  2 mg o f pigm ent) w ere c a r e fu l ly  la y e re d  onto  
th e  top  o f  th e  g e l in  each o f  12 e le c t ro p h o re s is  tu b e s . The e l e c t r o ­
p h o re s is  ap p a ra tu s  was run  a t  1 .25 ma per tube (15 ma t o t a l )  u n t i l  th e  
f i r s t  band had m igrated  th ro u g h  th e  s ta c k in g  g e l  and th en  th e  c u r re n t 
was in c re a se d  to  2 .5  ma p e r tube (30 ma t o t a l ) .  The e le c tro p h o re s is  was 
allow ed to  run  u n t i l  th e  le a d in g  y e llo w  band had advanced to  w ith in  
app rox im ate ly  2 mm from th e  e x i t  end o f  th e  tu b e  (about 2 h r ) . The 
sample s e p a ra te d  in to  s ix  bands, th e  le a d in g  band be ing  yellow  and th e  
f iv e  rem ain ing  bands being  r e d .  Judged on th e  b a s is  of c o lo r  in te n s i ty  
two o f th e  red  bands were m ajor and th r e e  were m inor. The two m ajor 
bands were c u t from th e  g e l and e x tra c te d  in to  d i s t i l l e d  w ater to  y ie ld  
app rox im ate ly  2 mg o f  red pigm ent p e r band. The two major bands were 
subm itted  fo r  amino ac id  a n a ly s i s .  The r e s u l t s  o f th e  amino a c id  a n a l­
y s is  on th e  f a s t e r  moving re d  band a re  shown in  Table I I I .  The amino 
a c id  a n a ly s is  o f  th e  slow er moving m ajor band i s  n o t a v a i la b le  a t  
t h i s  w r i t in g .
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IV. ELISTANOL; A NOVEL MARINE STEROL
INTRODUCTION
The i s o l a t i o n  and s t r u c t u r e  e lu c id a t io n  o f  s e v e r a l  n o v e l m arine 
s t e r o l s  from g o rg o n ian s  o f  th e  genus P seu d o p te ro g ro g ia  have been  re p o r te d  
by  in v e s t ig a to r s  from  The D epartm ent o f  C hem istry , U n iv e rs ity  o f  Oklahoma.
The s t e r o l s  w hich have been  re p o r te d  a re  2 3 -d em e th y lg o rg o s te ro l (^ )^ ,
5 2A - 3 , l l - d i h y d r o x y - 9 , l l - s e c o - g o rgosten -9 -one  (2) , 3 ,l l -d ih y d ro x y -5 a ,  6a -
2 3epoxy-9 ,l l- s e c o -g o rg o s ta n -9 -o n e  (3) ’ , and g o r g o s t - 5 - e n - 3 , 9 , l l , - t r i o l
H
2
HO.
3 4
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The gorgonian P seu d o p te ro g o rg la  e l is a b e th a e  Bayer i s  found 
th roughou t much o f  th e  West In d ia n  Region^. The c o lo n ie s  a r e  u s u a l ly  
4-10 in c h es  in  h e ig h t,  a r e  h ig h ly  branched and a re  a b r ig h t  ye llow  c o lo r  
w ith  s l i g h t  t in g e s  o f  p u rp le .  The purpose o f  th e  work p re se n te d  h e re  
was to  d e term in e  th e  s t r u c t u r e  o f a  novel m arine s t e r o l  named e l i s t a n o l  
i s o la te d  from  P seu d o p te ro g o rig a  e l is a b e th a e  Bayer.
RESULTS AND DISCUSSION
E l i s t a n o l ,  (^ ) > was i s o la te d  from b o th  th e  aqueous e th a n o lic  and 
c o ld  hexane e x t r a c t s  of d r ie d  P seu d o p te ro g o rg ia  e l i s a b e th a e  Bayer c o l­
le c te d  from  th e  n o r th  sho re  o f  P uerto  R ico . The s t e r o l  was o b ta ined  
from  b o th  th e  hexane and aqueous e th a n o lic  e x t r a c t s  o f  th e  gorgonian by 
chrom atography over s i l i c a  g e l .  I v a r ia b ly  th e  s t e r o l  was found in  th e  
5% m eth an o l/ch lo ro fo rm  f r a c t io n s  o f  th e  ch ro m a to g rap h ies . P u r i f ic a t io n  
was e f f e c te d  by re p e a te d  chrom atography u s in g  e i t h e r  s i l i c a  g e l o r  
n e u t r a l  a lum ina a s  th e  column pack ing .
E l i s t a n o l ,  5 ,  was o b ta in e d , a f t e r  s u b lim a tio n , as a w h ite , amor­
phous s o l id  w ith  a m e ltin g  p o in t o f  288-289° w ith  decom position ,
-1 7 ° (c 0 .2  MeOH) . Low re s o lu t io n  mass sp ec tro m e try  (F ig u re  V II I )  i n ­
d ic a te d  a  m o lecu la r w igh t o f  418 (M  ^ 418) which co rresp o n d s  to  th e  f o r ­
mula T h is  form ula was confirm ed by h ig h  r e s o lu t io n  mass
sp e c tro m e try . The in f r a r e d  spectrum  (F ig u re  V II I)  o f  e l i s t a n o l  i n ­
d ic a te d  th e  p resen ce  of hydroxyl f u n c t io n a l i ty  (3340 cm ^) bu t was de­
v o id  o f  any ca rb o n y l a b so rp tio n . The 100 MHz p ro to n  m agnetic reso n an ce
spectrum  (F ig u re  V II I )  e x h ib ite d  two q u a te rn a ry  m ethy l group s in g le t s  
(Ô 1.61 and 0 .80 ) and th re e  secondary m ethyl group d o u b le ts  (one a t  o
0 .98  and two c o in c id e n t ones a t  6 0 .9 0 ) .  The carbon -13  m agnetic r e s o ­
nance spectrum  (T ab le  IV) re v e a le d  a b s o rp tio n s  f o r  a t o t a l  o f  tw en ty - 
seven  c a rb o n s , fo u r o f  which a re  a p p ro p r ia te  fo r  ca rbons a tta c h e d  to
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oxygen and no a b so rp tio n s  fo r  o l e f i n i c  c a rb o n s . The form ula 
th e  carbon-13  m agnetic reso n an ce  spectrum  and th e  number and type o f  
m ethyl group a b s o rp tio n s  in  th e  p ro to n  m agnetic resonance spectrum  a r e  
a l l  in d ic a t iv e  o f  a  c h o le s ta n e  d e r iv a t iv e .
From th e  m o lecu la r fo rm ula  (C^yH^gO^) i t  i s  a p p a re n t th a t  th e  
m olecu le  c o n ta in s  f iv e  d eg rees  o f  u n s a tu ra t io n .  I f  th e  c h o le s ta n e  
n u c leu s  i s  assum ed, th e n  th e  r in g s  o f  th e  system  account f o r  fo u r o f  th e  
d eg rees  o f  u n s a tu r a t io n  le a v in g  on ly  one degree o f  u n s a tu ra t io n  to  
accoun t f o r .  S ince  th e  carb o n -1 3  m agnetic resonance spectrum  e x h ib ite d  
no v in y l carbon s ig n a ls  and s in c e  th e  in f r a re d  spectrum  in d ic a te d  t h a t  
no carbony l groups w ere p r e s e n t , th e  o th e r  degree of u n s a tu ra t io n  m ust 
be due to  an o th e r r in g .
The pmr spectrum  r e v e a ls  th a t  th e re  a re  two p ro to n s  a t ta c h e d  to  
carbons b e a r in g  oxygen (a b s o rp tio n s  a t  5 4 .04  and 4 .6 8 ) .  S ince  th e  
m o lecu la r form ula in d ic a te s  th e r e  a re  th r e e  oxygens p re se n t in  th e  m ole­
c u le ,  th e  t h i r d  oxygen atom m ust be bound to  one ( i f  a  hydroxy l) o r 
two ( i f  an  e th e r )  t e r t i a r y  carbon  c e n t e r ( s ) .  S ince th e  carbon-13  mag­
n e t i c  resonance  spectrum  d is p la y s  s ig n a ls  fo r  fo u r carbons a t ta c h e d  to  
oxygen and th e  pmr spectrum  e z d iib its  a b so rp tio n s  fo r  two p ro to n s  on 
carbons b e a r in g  oxygen, th e  t h i r d  oxygen must be a tta c h e d  to  two 
t e r t i a r y  carbons to  form a  c y c l ic  e th e r .  The c y c l ic  e th e r  lin k a g e  th e n  
acco u n ts  fo r  th e  f i f t h  degree  o f  u n s a tu ra t io n .
In  l i g h t  o f th e  f a c t s  p re se n te d  to  th i s  p o in t i t  ap p ea rs  l i k e l y  
t h a t  th e  s t e r o l  i s  a  c h o le s ta n e  d e r v ia t iv e ,  th a t  i t  c o n ta in s  two second­
a ry  a lc o h o ls ,  th a t  i t  has a t e t r a s u b s t i t u t e d  c y c l ic  e th e r  l in k a g e  and 
th a t  no o th e r  f u n t io n a l i ty  i s  p r e s e n t .  There a re  s t i l l  s e v e ra l  unanswered
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q u e s tio n s  to  d e a l w ith .
1 . Where a re  th e  h y d ro x y l groups loca ted?
2 . What I s  th e  s te re o c h e m is try  o f  th e  a lco h o l groups?
3. Where i s  th e  e th e r  lo c a te d ?
4 . How la r g e  i s  th e  e th e r  r in g ?
To t r y  to  answer th e s e  q u e s tio n s  chem ical and s p e c tr a l  in v e s t ig a t io n s  
w ere u n d ertak en .
The f i r s t  r e a c t io n  perform ed in  an  attem pt to  answ er th e  ques­
t i o n s  posed above was Jones^  o x id a t io n  o f  th e  a lco h o l g roups. The p ro ­
d u c t o f t h i s  r e a c t io n  was a  w h ite  c r y s t a l l i n e  s o l id ,  The low r e s o lu ­
t i o n  mass spectrum  o f  6_ (F ig u re  IX) d isp la y e d  an ion  o f  414 which 
co rresp o n d s  to  a m o lecu la r  fo rm ula  o f  Cg^H^gOg. High r e s o lu t io n  mass 
sp ec tro m e try  confirm ed  a m o lecu la r  w eigh t o f  414 and a  m o lecu la r form ula 
o f  • The x n f—a re a  (x r )  sp ec trum  (Fxgure IX) exnxoxted ny arcx y l
or w a te r  a b s o rp tio n  (3380 cm ^ ) and s ix  membered r in g  k e to n e  a b so rp tio n
-1 -1 (1714 cm ) . The a b s o rp tio n  a t  3380 cm i s  most l i k e l y  due to  w a te r
b ecau se  th e  i n t e n s i t y  o f  t h i s  a b s o rp tio n  v a r ie s  q u ite  w id e ly  in  r e l a t i o n
to  th e  i n t e n s i t i e s  o f th e  o th e r  peaks in  a spectrum  from one tim e to  th e
n e x t .  The pmr spectrum  (F ig u re  IX) showed no pro ton  s ig n a ls  dow nfield
o f 6 3 .0  in d ic a t in g  th a t  b o th  seco n d ary  a lc o h o l groups had been o x id iz e d
to  th e  co rre sp o n d in g  k e to n e s .
A nalysis  o f  th e  mass sp ec tru m  o f  ^  and the o r ig in a l  s t e r o l  _5
y ie ld e d  c o n s id e ra b le  in fo rm a tio n  re g a rd in g  th e  p o s s ib le  lo c a t io n  o f th e
h yd roxy l groups in  th e  s t e r o l .  S te r o l  ^  showed a fragm ent io n  o f  m/e
57 (C^H^O^) ,  26% w hich i s  common fo r  s t e r o l s  having th e  c o n v en tio n a l
7 86-membered r in g  A w ith  th e  u su a l hyd ro x y l group at C-3 ’ . The mass
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spectrum  of th e  ketone ^  should  c o n ta in  a  (m/e 55) fragm ent ion
r e s u l t in g  from th e  same type o f  c leav ag e  and indeed t h i s  fragm ent ion 
i s  p re s e n t  w ith  an in t e n s i ty  o f  59% o f th e  base peak . Hence, t h i s  mass 
s p e c t r a l  d a ta  su p p o rts  th e  c o n c lu s io n  t h a t  one o f  th e  hydroxy l groups 
i s  a t  C-3.
F u r th e r  a n a ly s i s  o f th e  mass s p e c tr a  le a d s  to  a  c o n c lu s io n  r e ­
gard in g  th e  p o s i t io n  o f  th e  o th e r  secondary  a lc o h o l .  In  b o th  th e  o r i g i ­
n a l s t e r o l  and i t s  d io n e  th e re  a r e  peaks a t  m/e 278 and 277 w ith  th e  
form ulas and C^gH220. These fragm en ts cou ld  co rrespond  to  ions
g en era ted  by c le a v a g e  betw een C-6, 7 «nd between C -9, 10. I f  t h i s  i s  
th e  ca se  th en  th e  fragm ents co rresp o n d in g  to  th e  rem ainder o f  th e  mole­
c u le  should b e  se e n . I n  f a c t  th e  fragm en ts CgH2g02 ^8^12^2 141
and 142) a re  e v id e n t in  th e  spectrum  o f  th e  hydroxy s t e r o l  and CgHgOg 
and CjjHjjO, (m/e 137 and 136) a re  p re s e n t in  th e  d io n e  spectrum . This 
in d ic a te s  th a t  th e  o th e r  hydroxyl group i s  a f f ix e d  to  r in g  A o r  C-6.
There i s ,  fu r th e rm o re , a  peak a t  m/e 307 (C2QH35O2) in  the  spectrum  of 
th e  hydroxy l s t e r o l  and a peak a t  m/e 305 (*-20^33^2  ^ th e  spectrum  
o f th e  d ione w hich correspond  to  ions g en era ted  by c leav ag e  o f  th e  C-9,
10 and C-5, 6 bonds w ith  charge r e te n t io n  on th e  la r g e  fragm en t. The 
complementary fragm ent ions co rresp o n d in g  to  the  rem ainder o f  th e  mole­
c u le ,  r in g  A p lu s  th e  C-10 m ethyl group, m/e 111 (C^H^^O) and m/e 109 
(C^HgO), a re  a ls o  p re s e n t  in  th e  r e s p e c t iv e  mass s p e c tr a .  The co n c lu sio n  
th a t  can be drawn i s  t h a t  th e  second hyd roxy l group i s  a t  C -6.
A prom inent peak in  th e  mass spectrum  o f  b o th  th e  s t e r o l  2  and 
th e  d io n e  ^  i s  found a t  m/e 263 (C^gH^^O). S ince t h i s  ion  i s  common to  
bo th  th e  s t e r o l  2  and th e  d ione i t  ap p ea rs  th a t  th e  oxygen which i s
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n o t o x id ized  in  th e  co n v ers io n  o f  5-»-6 must be inc lu d ed  in  t h i s  fragm ent. 
The number o f  hydrogens co n ta in ed  in  th e  mass of th e  263 fragm ent make 
i t  n e c e ssa ry  to  in c lu d e  th e  s id e  ch a in  as  p a r t  o f t h i s  frag m en t. The 
p roper number o f  carbon  atoms (18) fo r  t h i s  ion  can be o b ta in e d  from  th e  
s id e  ch a in  and r in g s  D and C o f  a  c h o le s ta n e  sk e le to n . The mass s p e c tra  
o f  b o th  2  and ^  show peaks a t  m/e 305 and 301 (m"*" -113) r e s p e c t iv e ly  and 
b o th  show a  peak  a t  m/e 113 (CgH^^). I t  can be concluded from  t h i s  d a ta  
t h a t  th e  s t e r o l  2  and d ione  ^  most p robab ly  c o n ta in  a c o n v e n tio n a l 
c h o le s ta n e  s id e  c h a in .
The mass s p e c tr a  o f  2  and §_ a lso  c o n ta in  peaks a t  m /e 194 and 
193 and which could  a r i s e  from c leav ag e  betw een C-12, 13
and betw een C-8, 14 w ith  charge r e te n t io n  on th e  r in g  D p lu s  s id e  ch a in  
fragm ent and th e  rem ainder o f  th e  m olecule e x is t in g  as  a  n e u t r a l  f ra g ­
ment (no -194 o r 193 fragm ent io n s ) .  I f  th e  193, 194 io n s  o r ig in a te  
from such a c le a v a g e  th e n  a l l  o f  th e  oxygen atoms must be in  r in g s  A, B 
a n d /o r C o f  th e  s t e r o l  n u c le u s . I f  th e  m/e 263 io n  c o n ta in s  a l l  th e  
carbon atom s o f  th e  s te r o id  r in g s  C and D p lu s  th e  c o n v e n tio n a l CgH^^ 
s id e  c h a in  and i f  th e  fragm ents m/e 193 and 194 c o r r e c t ly  in d ic a te  th a t  
th e r e  a r e  no oxygen atoms in  r in g  D o r th e  s id e  c h a in , th e n  th e  oxygen 
atom o f th e  263 fragm ent io n  must be a t ta c h e d  to  r in g  C. S ince  th e  
oxygen in  r in g  C i s  th e  e th e r  oxygen and s in c e  th e  e th e r  carbons were 
shown e a r l i e r  to  be t e t r a s u b s t i t u t e d ,  then  th e re  a re  o n ly  th r e e  carbon 
atoms a v a i la b le  (C -8 ,9 and 14) to  which th e  e th e r  oxygen can  b e  a t ta c h e d . 
The r in g  C c leav ag e  j u s t  d iscu ssed  seems to  e l im in a te  C-14 from  con­
s id e r a t io n .  T h ere fo re  th e  t h i r d  oxygen must be a t ta c h e d  to  C-8 and -9 
to  form an  epox ide . C o r re la t io n  o f  a l l  o f  th e  d a ta  p re s e n te d  to  t h i s
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p o in t a llow s one to  p o s tu la te  s t r u c tu r e s  ^  and ^  fo r  th e  o r ig in a l  
s t e r o l  and th e  co rre sp o n d in g  d io n e , r e s p e c t iv e ly .
HO
The pmr spectrum  o f  s t e r o l  2  in d ic a te s  th a t  th e  p ro to n  ab so rb in g  
a t  64 .68  i s  a t ta c h e d  to  a  carbon  b e a r in g  an e q u a to r ia l  h y d ro x y l group 
(broad m u lti  l in e d  a b s o rp tio n )  and th a t  th e  p ro to n  ab so rb in g  a t  6 4 .04  
i s  a t ta c h e d  to  a  carbon  b e a r in g  an  a x i a l  hydroxyl group ( r e l a t i v e l y  
narrow  a b s o r p t io n ) . In  o rd e r  to  d e te r ’nine th e  s te ro c h e m is try  o f  th e  two 
hyd roxy l groups a t  C-3 and C-6, e l i s t a n o l ,  2» was re a c te d  w ith  e th y l  
c h lo ro c a rb o n a te  in  p y r id in e .  The ca rb o n a te  e s te r s  which r e s u l t  from t h i s  
r e a c t io n  a re  c a l le d  c a th y la te s  and in  s t e r o l s  o n ly  e q u a to r ia l  hydroxyl 
groups r e a c t  to  form th e s e  e s te r s ^ " ^ ^ .  E l i s ta n o l  formed o n ly  a mono- 
c a th y la te  (^7) ,  and hence i t  may be concluded th a t  one o f  th e  hydroxy l 
groups i s  e q u a to r ia l  and th e  o th e r  i s  a x i a l .  This co n c lu s io n  i s  c o r­
ro b o ra te d  by th e  f a c t  th a t  th e  b ro ad  s ig n a l  a t  6 , 4 .68  in  th e  pmr 
spectrum  of 2 » which i s  in d ic a t iv e  o f  an e q u a to r ia l  h yd roxy l g roup , i s  
s h i f te d  dow nfield  to  6 5 .0 8  in  th e  pmr spectrum  o f  7_. T h e re fo re , th e  p ro ­
to n  s ig n a l  a t  6 4 .04 in  th e  s t e r o l  pmr spectrum  (6 3 .62  in  ch lo ro fo rm -d
in  th e  c a th y la te  spectrum ) i s  th e  s ig n a l  a s s o c ia te d  w ith  th e  a x i a l  hydroxy l 
group. The s p l i t t i n g  p a t te r n  and th e  w id th  of th e  a b s o rp tio n  (46 Hz) o f
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th e  p ro to n  on th e  carbon b e a r in g  th e  e q u a to r ia l  hydroxy l group is  n e a r ly  
i d e n t i c a l  w ith  t h a t  o f  th e  p ro to n  on th e  carbon  b e a r in g  th e  e q u a to r ia l  
h yd ro x y l group o f  c h o le s te r o l .  T h e re fo re , th e  a b s o rp tio n  a t  6 4.68 in  
e l i s t a n o l ,  i s  due to  th e  p ro to n  on th e  carbon  b e a r in g  th e  e q u a to r ia l  
h yd roxy l group a t  C-3 and th e  hydroxy l group a t  C-6 i s  a x i a l .  A d d itio n a l 
ev id en ce  fo r  th e  6 6 h y d ro x y l assignm ent i s  p ro v id ed  by th e  la rg e  up- 
f i e l d  s h i f t  (50 Hz) o f  th e  19-m ethyl group a b s o rp t io n  in  th e  pmr spectrum  
o f  ^  compared to  t h a t  o f  The v a lu e  fo r  A 6 i s  v e ry  c lo s e  to  th a t  
re p o r te d  by Page^^ fo r  t h i s  t r a n s i t i o n .  The f a c t  t h a t  th e  19-m ethyl 
group a b s o rp t io n  e x h ib i t s  t h i s  d ram a tic  u p f ie ld  s h i f t  p rov ides s tro n g  
ev id en ce  th a t  th e  19-m ethyl group i s  c i s  to  th e  6 8 hydroxy l group.
In an  a t te n p t  to  g a in  more in fo rm a tio n  ab o u t th e  p o s it io n  and 
s te re o c h e m is try  o f  th e  two secondary  hydroxy l groups and th e  A/B r in g  
ju n c tu r e  th e  c a th y la te  was s u b je c te d  to  Jones^  o x id a t io n .  The product 
o f  th a t  o x id a tio n  was a  w h ite  c r y s t a l l i n e  s o l i d ,  The i r  spectrum  o f  
8^ (F ig u re  X) in d ic a te d  th e  p re sen ce  o f  a c a rb o n a te  e s t e r  and a s ix  mem- 
b e red  r in g  k e to n e  (a b s o rp tio n s  a t  1738 and 1714 cm . The i r  spectrum  
e x h ib i t s  an a b s o rp tio n  a t  3390 cm ^ and th e  pmr sp ec trum  (F igure X) 
e id i ib i ts  two a b s o rp tio n s  which d isa p p e a r  upon a d d i t io n  o f  m ethanol-d^
(6 3 .62 and 6 .4 6 ) .  The com bustion a n a ly s is  o f  8_ i s  c o n s is te n t  w ith  two 
a d d i t io n a l  w a te r  m o le c u le s . T h e re fo re , th e  a b s o rp tio n  in  the i r  spectrum  
(3390 cm ^) and th e  two a b s o rp tio n s  in  th e  pmr spec tru m  (6 3.62 and 6.46) 
a r e  l i k e l y  due to  w a te r . The pmr spectrum  o f 8_ (F ig u re  X) d isp lay ed  an 
a b s o rp tio n  a t  5 5 .0 8  caused  by th e  p ro to n  on th e  ca rbon  being th e
c a th y la te  b u t  was devoid  o f any s ig n a l  in  th e  Ô 3 .6 2  re g io n  (except f o r  
th e  exchangeab le  p ro to n  a b s o rp tio n )  where th e  p ro to n  on th e  carbon
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b e a r in g  th e  a x i a l  hyd roxy l group r e s o n a te s .
The mass spectrum  of th e  c a th y la te -o n e  8^  p ro v id es  su p p o rt fo r  
th e  co n c lu s io n s  drawn in  connection  w ith  th e  mass s p e c tr a  o f  2  and
A ll o f  th e  peaks d isc u sse d  fo r  ^  and ^  a r e  p re s e n t  ex ce p t th e  -194 o r
193 w hich a r e  ab se n t in  th e  d ione ^  a l s o .
In  o rd e r  to  e s ta b l is h  th e  lo c a t io n  o f  th e  k e to n e  w ith  more
s u re ty  th e  c i r c u la r  d ich ro ism  (CD) cu rve  fo r  th e  c a th y la te -o n e  ^  was ob­
ta in e d .  S te ro id a l  3 -ke to n es  w ith  A/B t r a n s  r in g  ju n c tu re s  e x h ib i t  
p o s i t i v e  C otton e f f e c t s ^ ^  and s t e r o i d a l  3 -k e to n e s  w ith  A/B c i s  r in g  
ju n c tu r e s  d isp la y  weakly n eg a tiv e  -1000) C o tto n  e f f e c t s ^ ^ .  On th e  
o th e r  hand s t e r o i d a l  6-k e to n es  w ith  A/B t r a n s  r in g  ju n c tu r e s  e x h ib i t  
m odera te ly  n e g a tiv e  (~ -4 ,000 ) C o tton  e f f e c t s ^ ^  and s t e r o i d a l  6-k e to n es
w ith  A/B c i s  r in g  ju n c tu re s  d isp la y  s tro n g ly  n^egative -1 0 ,0 0 0 ) C otton
14e f f e c t s  . The CD curve o f  th e  c a th y la te -o n e  o f e l i s t e r o l  was -3 ,000  
in d ic a t in g  th a t  th e  ketone in  ^  i s  p ro b ab ly  a t  C-6 and hence th e  c a th y l­
a t e  must be a t  C-3 and th e  s te re o c h e m is try  o f  th e  r in g  ju n c tu r e  i s  most 
l i k e l y  A/B t r a n s . S ince  th e  s te re o c h e m is try  o f  th e  A/B r in g  i s  t r a n s  
and th e  s te ro c h e m is try  o f  the  C-3 hy d ro x y l group i s  Q and th e  g en era l 
pmr s p e c t r a l  c h a r a c t e r i s t i c s  seem to  be v e ry  c lo s e  t o  th o se  o f  c h o le s -  
ta n o l  i t  i s  n o t u n reaso n ab le  to  assume t h a t  th e  s te ro c h e m is try  o f  th e  
C/D r in g  ju n c tu re  and th e  s id e  c h a in  o f th e  m olecu le  i s  th e  same as 
c h o le s ta n o l .  T h e re fo re , s t r u c tu re s  5b and 8a can  be drawn.
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In  o rd e r to  in s u re  th a t  no rearrangem en ts  o r  o th e r  r e a c tio n s  
had ta k en  p la c e  i t  was decided  to  co n v e rt th e  c a th y la te -o n e  ^  to  th e  
d ione The c a th y la te -o n e  £  was s u b je c te d  to  h y d ro ly s is  in  a lc o h o lic  
po tassium  h y d ro x id e . The p ro d u c t was an  amorphous w h ite  s o l id  whose i r  
spectrum  (3400 and 1714 cm in d ic a te d  th a t  h y d ro ly s is  of th e  e s te r  
to  g ive th e  3 -hydroxy-6-o n e  2  had o c c u rre d . O x id atio n  o f  2  w ith  Jones 
reag en t^  y ie ld e d  a w h ite  c r y s t a l l i n e  s o l id  which was id e n t ic a l  w ith  
d ione 2  In  a l l  r e s p e c ts .
The rem ain ing  q u e s tio n  to  be  answ ered i s  what i s  th e  s te r e o ­
chem istry  o f  th e  C-8, 9 epox ide. I f  th e  epoxide were 6 th en  th e  18- 
m ethyl group a b so rp tio n  in  th e  pmr spectrum  o f  2  would be expected  to  
occur ap p ro x im ate ly  50 Hz dow nfield  from i t s  norm al p o s itio n ^ ^  b u t t h i s  
i s  no t o b se rv ed . T h e re fo re , th e  epoxide i s  most l i k e ly  8a, 9a. On
th e  b a s is  o f  a l l  o f  th e  fo reg o in g  d a ta  and d is c u s s io n , s t r u c tu r e  2  I s  
proposed fo r  e l i s t a n o l .
H
5
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The v a r io u s  chem ical c o n v e rs io n s  o f  e l i s t a n o l ,  2* d iscu ssed  en- 
i t e  to  th e  p roposed  s t r u c tu r e  a re  shown in  Scheme I .
CrO^, HgSO* 
A cetone , 2 min
H
Cl-C-O -Et 
Py, R .T.
CrOg, H2S0^ 
A cetone, 3 min
SCHEME I
HQ
O ' "
MeOH,
R.T.
KOH
CrO],
A cetone, 2 min
8
The carbon-13  n u c le a r  m agnetic spectrum  was v e ry  h e lp fu l  in  
p o s tu la t in g  a  s t r u c tu r e  f o r  e l i s t e r o l ,  5^ Because o f th e  s o lu b i l i t y  p ro ­
p e r t i e s  of _5 i t  was n e c e ssa ry  to  ta k e  th e  spectrum  in  p y r id in e -d ^ . The 
spectrum  of 2  was th e n  c o r r e la te d  w ith  th o se  of c h o le s ta n e , c h o le s ta n o l 
and c h o le s te r o l  re p o r te d  in  th e  l i t e r a t u r e ^ ^ . S ince th e  s p e c tr a  re p o rte d  
in  th e  l i t e r a t u r e  w ere ta k en  in  carbon  t e t r a c h l o r id e ,  a spectrum  of
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TABLE IV
CHOLESTEROL AND ELISTANOL CHEMICAL SHIFT 
ASSIGNMENTS
C h o le s te ro l E l i s t a n o l
Carbon No. Chem ical
C C I ,"
S h if t
P y rid in e -d ^
Carbon No. Chem ical S h if t  
P y rid in e -d g
1 37 .8 37.83 1 30 .92
2 31.9 32.16 2 31 .51
3 71 .6 71.11 3 79 .42
4 4 2 .7 43 .40 4 36 .67
5 141.5 141.73 5 4 3 .9 1
6 121.6 120.95 6 79 .13
7 32 .3 32.16 7 4 3 .9 1
8 32 .3 32.55 8 67 .92
9 50 .8 50.47 9 76.75
10 36 .8 36.86 10 32.70
11 21 .5 21.36 11 29 .23
12 28 .6 28.48 12 29 .03
13 42 .7 42.48 13 42 .62
14 57 .2 56.86 14 57.20
15 24 .6 24.51 15 25.06
16 40 .3 40 .01 16 40 .24
17 56 .8 56.38 17 49 .46
18 12 .3 12 .06 18 12 .06
19 19 .7 19.61 19 21.19
20 36.1 36.03 20 34.19
21 1 9 .1 18 .94 21 19 .23
22 36.7 36.47 22 36.07
23 24.4 24.17 23 24.76
24 39.9 39 .72 24 37.06
25 28 .3 28.19 25 29 .03
26 22.8 22.67 26 23.17
27 23.0 22 .91 27 23.47
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c h o le s te r o l  was taken  in  p y r id in e -d ^  and a  c o r r e la t io n  was made between 
c h o le s te r o l  i n  p y r id in e -d g  and c h o le s te r o l  in  carbon t e t r a c h l o r id e .  The 
ass ig n m en ts  of c h o le s te ro  i n  ca rbon  te tr a c h lo r id e ^ ^  and p y r id in e -d ^  and 
e l i s t a n o l  i n  p y rid in e -d ^  a r e  shown in  Table IV. As can be seen  from  th e  
chem ical s h i f t  d a ta  th e re  a re  no v in y l  carbon  a b so rp tio n s  and fo u r  ab ­
s o rp t io n s  f o r  carbons b e a r in g  oxygen. The assignm ent of th e  epox ide
18carbons i s  c o n s is te n t  w ith  re p o r te d  v a lu e s  , however, th e  u n eq u iv o ca l 
assignm en t o f  a s p e c i f i c  carbon  number to  each of th e  fo u r chem ica l s h i f t  
v a lu e s  i s  n o t p o s s ib le .  The carbon-13  s p e c t r a l  d a ta  s t ro n g ly  su p p o rt 
th e  s t r u c t u r e  proposed fo r  e l i s t a n o l
In  one a tte m p t to  t r y  to  p u r i fy  some e l i s t a n o l  ^  i t  was sub­
lim ed . The p ro d u c t from  th a t  su b lim a tio n  was re a c te d  w ith  a  s i l y l a t i n g  
re a g e n t i n  p y r id in e  i n  o rd e r  to  p re p a re  a sam ple fo r  gas chrom atography- 
mass s p e c t r a l  a n a ly s i s .  I t  seems l i k e ly  th a t  th e  epox ide p a r t i a l l y  
opened to  g iv e  th e  a l l y l i e  a lc o h o l because b o th  th e  t r i - s i l y l a t e d  and th e  
d i - s i l a t e d  d e r iv a t iv e  w ere found in  th e  mass spectrum . The most l i k e ly  
p la c e  f o r  t h i s  to  o ccu r was d u rin g  su b lim a tio n  o f th e  e l i s t a n o l .
The d i - a c e ta t e  o f e l i s t a n o l  was a ls o  made ( a c e t ic  a n h y d r id e / 
p y r id in e )  b u t  a  v ery  waxy s o l id  was a l l  th a t  could be o b ta in ed  even  a f t e r  
re p e a te d  a t te m p ts  to  c r y s t a l l i z e  th e  d e r iv a t iv e  in  v a r io u s  s o lv e n ts .
There i s  a n o th e r  p o s s ib le  i n t e r p r e t a t i o n  o f th e  d a ta  p re s e n te d . 
The com bustion a n a ly se s  o b ta in ed  and th e  exchangeable p ro to n s  observed  in  
th e  pmr s p e c t r a  would be b e t t e r  ex p la in ed  by a  t e t r a o l  th an  th e  epoxy 
d i o l  p ro p o sed . The 36 , 66, 8a ,  9a t e t r a o l  would seem to  be th e  most 
a t t r a c t i v e  p o s s i b i l i t y .  However, in  th e  o p in io n  of th e  a u th o r ,  th e r e  
a r e  few er in c o n s is te n c ie s  betw een th e  a v a i la b le  d a ta  and th e  p roposed  
epoxy d io l  s t r u c tu r e  th a n  th e re  a re  between th e  d a ta  and th e  t e t r a o l
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s t r u c tu r e .
In  o rd e r  to  s u b s ta n t ia te  th e  p roposed  s t r u c tu r e  o f  e l i s t a n o l  i t  
would be p re fe ra b le  to  have a  more c o n c re te  co n firm a tio n  o f  th e  8 a , 9a 
ep o x ide . The id e a l  way to  accom plish  t h i s  would be to  s y n th e s iz e  by an 
unambiguous ro u te  a  compound having th e  proposed  s t r u c tu r e  2» However, 
because  o f th e  la c k  o f an a p p ro p r ia te  s t a r t i n g  m a te r ia l  th e  ro u te  to  
e l i s t a n o l  would be long  and to r tu o u s .  An a l t e r n a t e  method would be to  
c o n v e r t e l i s t a n o l  to  a  known compound. However, because o f  th e  s c a r c i ty  
o f s ta r in g  m a te r ia l  in  hand th i s  was n o t p o s s ib le .
SUMMARY
Chemical and s p e c t r a l  ev id en ce  i s  p re sen te d  which form  th e  b a s is  
fo r  p roposing  th e  s t r u c tu r e  ^  f o r  a  novel s t e r o l  c a l le d  e l i s t a n o l  which 
was i s o la te d  from P seu d o p te ro g o rg ia  e l is a b e th a e  Bayer.
H
The co n v ers io n  o f  th e  s t e r o l   ^ to  i t s  3 ,6 -d io n e  3 -c a th y la te -  
6- 0I  2* 3 -c a th y la te -6 -o n e  ^  and th e  6 -o n e -3 -o l 2  a re  d is c u s s e d . Addi­
t i o n a l  ev idence f o r  th e  proposed s t r u c tu r e  was ob ta in ed  from th e  
ca rbon -13  n u c le a r  m agnetic reso n an ce  spectrum . A d is c u s s io n  o f  th e  
method used to  make th e  assig n m en ts  i s  in c lu d e d .
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EXPERIMENTAL
A ll m e ltin g  p o in ts  a r e  u n c o rre c te d . A ll  so lv e n ts  excep t 95% 
e th a n o l w ere d i s t i l l e d  p r io r  to  u se . P y r id in e  ( re a g e n t g rad e , F ish e r  
S c ie n t i f i c )  was k e p t over m o lecu la r s ie v e s  (L inde, 4A).
Column chrom atograph ic  pack in g s used were s ilicA R  CC-7 
(M a llin k ro d t, 100-200 and 200-325 m esh), s i l i c a  g e l (Grace 60-200 m esh), 
and n e u t r a l  alum ina (F ish e r  S c i e n t i f i c ) . Thin la y e r  chrom atography was 
perform ed on 5 x 20 cm g la s s  p la te s  c o a te d  w ith  s i l i c a  g e l H (E. Merck 
AG, D arm stadt) o r on p rep a red  p la te s  o f  S i l  Gel (M achery-Nagel,
D uren), s i l i c a  g e l F-254 (E. Merck AG, D arm stad t) , S i l  Gel N-HR/UV2^^ 
(M achery-N agel, Duren) o r  aluminum o x id e  F -254, Type T (E. Merck AG, Darm­
s ta d t )  . The developed p la te s  were p la c e d  under u l t r a v i o l e t  l i g h t  an d /o r 
exposed to  io d in e  vap o rs  o r  sp rayed  w ith  10% s u l f u r i c  ac id  s o lu t io n  fo r  
v i s u a l i z a t io n  o f th e  chromatogram .
P ro ton  m agnetic  resonance  (pmr) s p e c tr a  w ere ta k en  on V arian
T-60 o r  XL-100 sp e c tro m e te rs  u s in g  te t r a m e th y ls i la n e  (TMS) as  an in te r n a l
r e f e r e n c e .  Sanples were ru n  in  v a ry in g  c o n c e n tra tio n s  o f p y r id in e -d ^ ,
p y rid in e -d g /m e th an o l-d ^  m ix tu re s , ch lo ro fo rm -d  o r  ch lo ro fo rm -d /m ethano l-
d^ m ix tu re s . Chemical s h i f t s  a re  r e p o r te d  in  6 -u n i t s  (p a r ts  p e r  m ill io n
from TMS) and a re  fo llow ed  by th e  m u l t i p l i c i t y  o f  th e  s ig n a l ,  th e  number
o f p ro to n s , th e  co rresp o n d in g  co u p lin g  c o n s ta n t ( s )  and th e  assignm ent.
The m u l t i p l i c i t i e s  a r e  deno ted  by th e  sjrmbols: s ,  s in g le t ;  b s , b road
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s i n g l e t ;  d , d o u b le t; dd, doub le  d o u b le t;  t ,  t r i p l e t ;  q , q u a r te t  and m, 
m u l t ip l e t .
In f ra re d  ( i r )  s p e c tr a  w ere ta k e n  as po tassium  brom ide p e l l e t s  
o r  c h lo ro fo rm  s o lu tio n s  on a  Beckman IR -8 sp e c tro m e te r. The carbon-13 
n u c le a r  m agnetic  resonance s p e c tr a  w ere tak en  on a  V arian XL-100 s p e c tro ­
m ete r u s in g  a N ico le t/T T I F o u r ie r  T ransform  w ith  th e  carbon-13  reso n an ce  
o f  TMS used as  an in te r n a l  r e f e r e n c e .  Samples were run  in  v a ry in g  con­
c e n t r a t io n s  o f p y rid in e -d ^  o r  a  carbon  te tra c h lo r id e /m e th a n o l-d ^  m ix tu re . 
Chem ical s h i f t s  were p r in te d - o u t  by th e  N ic o le t com puter.
Low r e s o lu t io n  mass s p e c tr a  w ere tak en  on a H ita c h i  P erk in -E lm er 
EMU-7E mass sp ec tro m ete r u s in g  p e rf lu o ro k e ro sen e -H  a s  an i n t e r n a l  r e f e r ­
en ce . The s p e c tr a  a re  re p o r te d  a s  th e  mass o f th e  io n  fo llow ed by th e  
p e rc e n ta g e  o f  th e  b ase  p eak . Hlgji r e s o lu t io n  mass s p e c tr a  were p ro v id ed  
by p e rso n n e l in  D r. K laus Bieman’s la b o ra to r y ,  M assachuse tts  I n s t i t u t e  
o f  Technology, Cam bridge, M ass.
The c i r c u la r  d ic h ro ism  spectrum  was ta k en  on a >iodel J-20  
S p ec tro m ete r (Japan  S p e c tro sc o p ic  Co. L td . ,  Tokyo). Combustion a n a ly se s  
w ere c a r r i e d  o u t by Mr. E r ic  M eier, C hem istry  D epartm ent, S tan fo rd  
U n iv e r s i ty ,  S tan fo rd , C a l i f o r n ia .
I s o la t io n  o f e l i s t a n o l  5 . The d r ie d  gorgonian  P seu d o p te ro g o rg ia  
e l i s a b e th a e  Bayer (3 .02  kg) was e x t r a c te d  w ith  a m ix tu re  o f  60% e th a n o l /  
w a te r  (7 x 2 1) a t  room tenq> eratu re . The e th a n o l/w a te r  e x t r a c t  was 
c o n c e n tra te d  to  1 1 and 1 .5  1 o f  m ethano l was added to  th e  aqueous 
s o lu t io n .  The aqueous m e th an o lic  s o lu t io n  was e x tra c te d  w ith  hexane 
( 4 x 1 1 ) .  The hexane e x t r a c t  was c o n c e n tra te d  vacuo to  y ie ld  4 3 .5  g 
o f  a  d a rk  brown o i l .  The aqueous m e th an o lic  e x t r a c t  was c o n c e n tra te d  to
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200 ml and e x t ra c te d  w ith  c h lo ro fo rm . The ch loroform  e x t r a c t  was 
ev ap o ra ted  under reduced  p re s s u re  to  g iv e  33.9 g o f  a  brown gum. The 
an im al r e s id u e  from th e  aqueous e th a n o lic  e x t ra c t  was e x tra c te d  w ith  
hexane ( 2 x 3  1) and th e  s o lv e n t  removed under reduced p re s s u re  to  
y ie ld  35.7 g o f  a  d ark  brown g la s s .  The two hexane e x t r a c t s  and th e  
ch lo ro fo rm  e x t r a c t  were combined and chrom atographed on 240 g o f s i l i c a  
g e l .  The column was e lu te d  w ith  5 1 o f  ch lo roform  (4 8 .7  g o f  m a te r ia l  
came o f f ) ,  6 1 o f  1% m e th an o l/ch lo ro fo rm  (14.0  g ) , 6 1 o f  5% m e th an o l/ 
ch lo ro fo rm  (8 .5  g ) , 4 1 o f  10% m eth ano l/ch lo ro fo rm  (7 .5  g) and 3 1 of 
p u re  m ethanol (19 .3  g ) . TLC in d ic a te d  th a t  on ly  th e  5% m e th a n o l/c h lo ro ­
form  f r a c t io n  co n ta in ed  e l i s t a n o l .  The 5% m ethano l/ch lo ro fo rm  f r a c t io n  
was chrom atographed a g a in  on  a  4 .2  x  47 cm column o f s i l i c a  g e l u s in g  
th e  i d e n t i c a l  e lu t io n  sequence d e sc r ib e d  above to  y ie ld  2 .27  g o f  impure 
e l i s t e r c l  from  th e  5% m s tb a n c l/c h lo ro fo rm  f r a c t io n .  T h is f r a c t io n  was 
chrom atographed a g a in  on  200 g o f  s i l i c a  g e l u s in g  th e  same e lu t io n  
sequence to  y ie ld  0 .86  g o f  p u re r  e l i s t a n o l  from th e  5% m e th a n o l/c h lo ro ­
form  f r a c t io n .  T h is f r a c t i o n  was chrom atographed on a  3 .5  x  32 cm column 
o f  n e u t r a l  alum ina to  y ie ld  0 .3 7  g o f  a lm ost pure e l i s t a n o l  from th e  5% 
m e th an o l/ch lo ro fo rm  f r a c t io n .  The a lm ost pure e l i s t a n o l  was p r e c ip i ta te d  
th r e e  tim es from p y r id in e /e th e r  to  g ive  279.9 mg (0.009% of th e  d ry  
an im al w eigh t) o f  pure (by TLC) e l i s t a n o l ,  However, com bustion a n a ly s is  
in d ic a te d  a  0.58% re s id u e .  T h e re fo re , 190 mg o f e l i s t a n o l  was sublim ed 
a t  215° (0 .35  mm). (Unsublim ed) 293-295° d , mp (Unsublimed in  
ev acu a ted  s e a le d  tube) 304-305°, mp (sublim ed) 288-289° d; [a ]^ ^  -17°
(c 0 .2  MeOH); i r  (KBr) 3340 cm ^ (hydroxyl g ro u p s), and 1050 cm ^ 
(carbon-oxygen  s t r e t c h ) ;  pmr (p y rid in e -d ^  and p y rid in e -d ^ /m e th a n o l-d ^ )
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6 6 .9  and 6 .44  (b s , 1 e ac h , hydroxy l p ro to n s ) ,  6 .12  and 5 .9 5  (m, 9 
t o t a l ,  w a te r , a d d i t io n  o f  m ethanol-d^  caused  th e  peaks a t  6 .9 ,  6 .4 4 , 6.12 
and 5.95 to  a l l  d is a p p e a r  and c o a le sc e  to  one peak a t  6 5 .2 ) ,  4 .86  (m,
1, p ro to n  a t  C -3 ), 4 .17  (b s , 1, p ro ton  a t  C -6 ), 1 .6 1  ( s ,  3, 19-m ethyl 
g ro u p ), 0 .9 8  (d , 3, 21-m ethyl g ro u p ), 0 .90  (d , 6, te rm in a l 
iso p ro p y l m ethy l groups o f  th e  s id e  c h a in ) , 0.80 ( s ,  3 , 18 -m ethy l g roup); 
mass spectrum  418 (4 5 ) , 400 (4 5 ) ,  382 (1 6 ) , 364 (1 7 ) , 264 (4 7 ) , 263 (77), 
194 (2 6 ), 193 (4 4 ) , 155 (3 7 ) , 151 (72 ), 141 (3 2 ), 137 (4 2 ) , 136 (3 4 ),
133 (23 ), 123 (6 1 ) , 121 (2 5 ), 109 (2 7 ), 107 (3 3 ), 105 (2 0 ) , 97 (2 1 ) , 95
(5 5 ) , 93 (4 6 ) , 83 (2 7 ) , 82 (2 6 ) , 81 (51 ), 79 (2 1 ), 71 (2 0 ), 69 (4 6 ) , 67
(2 5 ) , 57 (5 2 ) , 55 (7 5 ) , 43 (1 0 0 ), and 41 (4 5 ) .
M olecular W eight. C alcd fo r  CgyH^gO^; 418.34470. Found: 418.34570.
A nal. Calcd fo r  2C2yH^^Og'3H20: C, 72.81; H, 1 1 .0 1 . Found: C,
72 .89 ; H, 1 0 .77 .
O x id a tio n  o f  e l i s t a n o l . To 10 ml o f  co ld  ( ic e  b a th )  s t i r r e d  
ace to n e  was added 21 .7  mg o f  e l i s t a n o l ,  5 . When th e  s t e r o l  had d is so lv e d , 
0 .2  ml o f Jones R eagent^ was added dropw ise over a one m inu te  p e r io d  
and th e  s o lu t io n  was a llo w ed  to  s t i r  fo r two m inu tes . W ater (25 ml) and 
d ich lo rom ethane (25 ml) w ere added to  th e  r e a c t io n  m ix tu re  and th e  
la y e rs  s e p a ra te d . The aqueous la y e r  was e x tra c te d  w ith  d ich lo ro m eth an e  
(2 X 50 ml) and th e  o rg a n ic  s o lu t io n s  were combined and washed w ith  
w ate r (2 x  50 m l) . The d ich lorom ethane s o lu t io n  was d r ie d  o v er sodium 
s u l f a t e  and th e  so lv e n t removed under reduced  p re s s u re  to  g iv e  a  w h ite  
s o l id .  This w h ite  s o l id  was chrom atographed on s ilic A R  CC-7 u s in g  
ch lo ro fo rm  a s  th e  e lu e n t  to  g iv e  ( in  f r a c t io n s  12-26) 1 5 .2  mg o f  d ione 
mp 220-221°; i r  (CHCl^) 3380 cm ^ (w ater) and 1714 cm ^ ( s i x  membered
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r in g  k e to n e ) ; pmr (p y r id in e -d ^ )  ô 1 .21  ( s ,  3, 19-m ethyl g roup ), 0 .98  (d , 
3, 21-m ethyl g ro u p ). 0 .91  (d , 6 , te rm in a l iso p ro p y l methyl 
groups o f th e  s id e  c h a in ) ,  and 0 .7 3  (18-m ethyl g roup); mass spectrum  
414 (100 ), 396 (7 ) , 263 (5 6 ), 137 (40 ), 109 (2 6 ), 81 (2 8 ), 69 (2 4 ), 57
(2 1 ), 55 (4 0 ), 43 (43) and 41 (2 6 ) .
M olecu lar w eig h t: Calcd fo r  ^27^42*^3’ 414.31340. Found: 414.31347.
C a th y la tio n  o f  e l i s t a n o l . To 5 ml o f anhydrous p y r id in e  was 
added 33.2 mg o f  e l i s t a n o l .  When a l l  of th e  s t e r o l  had d is s o lv e d , 1 ml 
o f  e th y l  c h lo ro c a rb o n a te  was added dropw ise over a  one m inute p e r io d .
The r e a c t io n  m ix tu re  was allow ed t o  s t i r  a t  room tem p era tu re  p ro te c te d  
by a  d ry in g  tu b e  f o r  7 h r .  W ater (25 ml) was added to  th e  r e a c t io n  
m ix tu re  and a w h ite  s o l id  p r e c ip i t a t e d  im m ediately . The p r e c i p i t a t e  was 
removed by f i l t r a t i o n  th e n  washed w ith  w ater and th en  taken  up in  a ce to n e  
and ch lo ro fo rm . The o rg a n ic  s o lu t io n  was d rie d  over sodium s u l f a t e  and 
then  th e  s o lv e n t removed in  vacuo to  y ie ld  a p a le  yellow  s o l i d . This 
s o l id  was chrom atographed on 7 g o f  s ilicA R  CC-7 u s in g  ch lo ro fo rm  as th e  
e lu e n t to  g ive  ( in  f r a c t io n s  15-39) 21.2 mg o f th e  m ono-ca thy la te  Ij mp 
189-190°; [a]^^  -30° (c 0 .25  CHCl^); i r  (CHCl^) 3410 cm"^ (hyduoxyl 
g ro u p ), 1735 cm ( c a th y la te  c a rb o n y l) , 1270 cm ^ (carbon-oxygen s t r e t c h  
o f a  c a rb o n a te  e s t e r ) ;  pmr (ch lo ro fo rm -d) ô 5 .2  (m, 1 , p ro to n  a t  C-3 
d esh ie ld ed  by c a th y la t e ) ,  4 .2  (q , 2, m ethylene p ro to n s o f c a th y la te  
e s t e r ) ,  3.65 (b s , 1 , p ro to n  a t  C -6 ), 1 .28  ( s ,  3, 19-m ethyl g ro u p ),
0 .87 (d , 6, te rm in a l is o p ro p y l m ethyl groups o f th e  s id e  c h a in ) ,  and
0.70 (18-m ethyl g roup). A nal. Calcd fo r  20^50*^5'^2^' C, 70 .87 ; H,
10 .02 . Found: C, 70 .51 ; H, 1 0 .1 4 .
O xidation  o f  c a t h y la t e . To 10 ml o f  co ld  ( ic e  b a th ) s t i r r e d
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ace to n e  was added 51 .1  mg o f th e  c a th y la te  1_. \-/hen a l l  o f th e  c a th y la te  
had d is so lv e d  0 .3  ml o f  Jones R eagent^ was added dropw ise over a one 
m inute p e r io d . The r e a c t io n  m ix tu re  was allow ed to  s t i r  f o r  two m inu tes 
and th e n  w ate r (30 ml) and d ich lo rom ethane  (30 ml) w ere added to  th e  
r e a c t io n  m ix tu re  and th e  la y e r s  w ere s e p a ra te d . The aqueous la y e r  was 
e x t r a c te d  w ith  d ich lo rom ethane (2 x  50 ml) . The d ich lo rom ethane s o lu t io n s  
w ere combined then  washed w ith  w a te r  (2 x 50 m l) , d r ie d  over sodium 
s u l f a t e  and th e  so lv e n t was removed under reduced  p re s s u re .  The r e s u l t i n g  
s o l i d  was chrom atographed on 9 g o f  s ilic A R  CC-7 u s in g  ch lo ro fo rm  a s  th e  
e lu e n t  t o  y ie ld  ( in  f r a c t io n s  7 -1 3 ) , a f t e r  r e c r y s t a l l i z a t i o n  (ch lo ro fo rm / 
h e x a n e ), 48 .4  mg o f  th e  c a th y la te -o n e  mp 2 2 9 .5 -2 3 0 .5 ° ; i r  (CHCl^)
3390 cm ^ (w ater) 1735 cm ^ (ca rb o n y l o f  th e  c a rb o n a te ) , 1714 cm ^
( s ix  membered r in g  k e to n e ) , and 1270 cm ^ (carbon-oxygen s t r e t c h  o f  a 
c a rb o n a te  e s t e r ) ;  pmr (ch lo ro fo rm -d ) 6 6 .45  and 3 .62  (w a te r, d is a p p e a rs  
upon a d d i t io n  o f  m ethanol d ^ ) ,  5 .1 8  (m, 1 , p ro to n  a t  C-3 d e sh ie ld e d  by 
c a th y la t e  e s t e r ) ,  4 .19  (q , 2 , m ethy lene p ro to n s  o f  th e  c a th y la te ) ,  3.04 
( b t ,  1 , p ro to n  a t  C -5 ), 1 .32  ( t ,  3 , m ethyl group o f  e th y l  e s t e r ) ,  0 .9 7  
( s ,  3 , 19-m ethyl g ro u p ), 0 .9 3  and 0 .8 6  (2d , 6 , te rm in a l iso p ro p y  m ethyl 
groups o f  s id e  c h a in ) ,  and 0 .6 8  ( s ,  3, 18-m ethyl g ro u p ); mass spectrum  
488 ( 2 ) ,  399 (3 0 ) , 398 (1 0 0 ), 383 (3 2 ) ,  305 (1 2 ) , 263 (4 3 ), 136 (2 7 ) ,
123 (2 0 ) ,  121 (5 0 ), 109 (2 3 ) ,  107 (2 1 ) ,  105 (2 7 ), 95 (3 1 ), 93 (3 9 ) , 91 
(2 7 ) , 83 (2 3 ), 81 (4 2 ) , 79 (2 2 ), 71 (2 1 ), 69 (4 2 ), 67 (2 4 ), 57 (4 1 ) , 55 
(6 2 ) , 45 (2 2 ), 44 (7 0 ) , 43 (74) and 41 (4 6 ); CD (c 0 .052 d ioxane) 2 6 ° ,
^ ® ^ 3 5 0  [ Q l j j ^ g - S O l O ;  [ 0 ] % 5 Q O .
A nal. Calcd f o r  C, 68 .67 ; H, 9 .9 9 . Found: 68 .84 ;
H, 9 .8 4 .
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H ydro lysis  o f  C a th y la te -o n e  8_. To 5 ml o f  m ethanol was added
4 3 .1  mg o f  th e  c a th y la te -o n e  The s o lu t io n  was p laced  under a  n i t r o g e n
atm osphere and 1 ml o f  5% m e th a n o lic  p o ta ss iu m  hydrox ide was added and
th e  m ix tu re  allow ed to  s t i r  under n i t r o g e n  fo r  48 h r .  The b a s ic  s o lu t io n
was made a c id ic  t o  pH pap er w ith  0 .5  N h y d ro c h lo r ic  a c id  and 50 ml o f
w a te r  was added. A w h ite  s o l id  p r e c ip i t a t e d  im m ediately . The p r e c i p i t a t e
was removed by f i l t r a t i o n  th e n  washed w ith  w ater, and th en  ta k e n  up in
a c e to n e  and ch lo roform  and th e  s o lu t io n  was d r ie d  over sodium s u l f a t e .
The s o lv e n t  was removed in  vacuo and th e  r e s u l t in g  s o l id  r e p r e c ip i t a te d
tw ic e  from  ch lo ro fo rm /hexane  to  g iv e  th e  mono-one 2  (35 .2  mg) a s  a  w h ite
amorphous s o l id :  mp 255-256® d ; i r  (KBr)3250 cm ^ (hydroxyl group) and
-1
1710 cm ( s ix  membered r in g  k e to n e) .
O x idation  o f th e  m ono-one. To 20 ml o f co ld  (ice  b a th )  s t i r r e d  
a c e to n e  was added 35.0 mg o f th e  mono-one 2 - The s o lu tio n  was p la c e d  
under a  n itro g e n  atm osphere and when th e  mono-one had d is so lv e d  0 .3  ml 
of Jo n es  Reagent^ was added d ropw ise o ver a one m inute p e rio d . The 
s o lu t io n  was allow ed to  s t i r  f o r  th re e  m inu tes and th en  w ater (30 ml) 
and d ich lo rom ethane (30 ml) w ere added and th e  o rg an ic  la y e r  was sepa­
r a te d .  The aqueous s o lu t io n  was e x t r a c te d  w ith  d ich lorom ethane (2 x  50 
ml) and th e  o rg an ic  s o lu t io n s  w ere combined and then  washed w ith  w a te r  
(2 X 50 m l) . The organ ic  s o lu t io n s  w ere d r ie d  over sodium s u l f a t e  and 
th e  s o lv e n t  removed under red u ced  p re s s u re  to  y ie ld  a w hite s o l i d .  The 
w h ite  s o l id  was r e c r y s t a l l i z e d  tw ic e  from  chloroform /hexane to  y ie ld
20.5 mg o f  the  d ione; mp 2 2 0 .5 -2 2 1 ° , mixed mp (mixed w ith  2 )  220-221°.
A ll s p e c t r a  were id e n t ic a l  w ith  th o se  o f  th e  d ione 2  made by  d i r e c t  
o x id a tio n  of e l i s t a n o l .
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V. DACTYLYNE: A NOVEL MARINE ACETYLENIC OXETANE
INTRODUCTION
A p ly s iid s  or sea  h a re s  have a w orld -w ide d i s t r i b u t io n  and number 
ab o u t t h i r t y - f i v e  sp e c ie s^ . Sea h a re s  a r e  found  in  a l l  s iz e s  ran g in g  
from  sm all ones n o t much la r g e r  th an  a human thumb n a i l  to  sp e c ie s  th a t  
a r e  ab o u t 12-18 inches in  le n g th .  The term  " se a  h a re"  i s  a Roman ap­
p e l l a t i o n  stemming from th e  f a c t  th a t  a p ly s i id s  resem ble a  s i t t i n g  
r a b b i t ^ .
Sea h a re s  a r e  norm ally  found in  c o a s ta l  w a te rs  ra n g in g  from 
th e  t i d a l  zones down to  dep ths o f  about 200 f e e t .  They a re  found p r i ­
m a rily  in  a re a s  where a lg a e  and e e l  g ra ss  a r e  p l e n t i f u l .  The m ajor
2 3
s ta p le s  o f t h e i r  d ie t  a r e  a lg a e  and seaweed b u t th e y  have been known to
2
devour an im al su b s tan ces  a l s o .
One o f  th e  la rg e r  se a  h a re s ,  A p ly s ia  dacty lom ela  Rang (ap p ro x i­
m a te ly  10 in ch es  in  le n g th )  i s  a  common s u b tro p ic a l  sp e c ie s  found in  th e  
West In d ia n  r e g io n . T his sea  h a re  i s  yellow  in  c o lo r w ith  brown sp o ts  ra n ­
domly lo c a te d  on th e  m an tle . The purpose o f  th e  work p re se n te d  h e re  was to
e lu c id a te  th e  s t r u c tu r e  of a novel halogen c o n ta in in g  a c e ty le n ic  compound 
c a l le d  d a c ty ly n e  is o la te d  from A p lysia  dac ty lo m ela  Rang. In  a d d i t io n  to
d a c ty ly n e , th r e e  novel s e sq u ite rp e n e  e th e rs  have been is o la te d  from  th i s
^ 4sea  h a re  .
S ev e ra l compounds have been is o la te d  from m arine a lg a e  which
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5-13have s i m i l a r i t i e s  to  d ac ty ly n e  . In  a d d i t io n  a halogen  c o n ta in in g
14compound h as  been is o la te d  from A p ly s ia  c a l i f o r n i c a  .
RESULTS AND DISCUSSION
The A p ly sia  d ac ty lom ela  Rang used  in  th e  s tu d y  p re se n te d  here
w ere c o l le c te d  in  th e  en v iro n s  o f  B im in i, Bahamas I s la n d s  in  th e  l a t t e r
p a r t  o f  May o f  1972. The f r e s h ly  s a c r i f i c e d  whole an im als  w ere p reserved
in  2 -p ro p an o l fo r  shipm ent to  Oklahoma. Soon a f t e r  th e  specim ens a rr iv e d
s u f f i c i e n t  w ate r was added to  b r in g  th e  p r e s e rv a t iv e  l iq u id  to  a  40/60
(v /v )  w a te r /a lc o h o l m ix tu re  and th e  an im als  w ere a llow ed  to  soak  in  th is
m ix tu re  f o r  1-2  day s. The aqueous a lc o h o lic  s o lu t io n  was removed from
th e  specim ens by d é c a n ta tio n  and f i l t r a t i o n .  F u r th e r  p ro c e ss in g  o f  th is
e x t r a c t  w i l l  n o t be d isc u sse d  in  t h i s  t h e s i s .  The reco v e re d  a p ly s ia
b o d ie s  w ere a i r - d r i e d  and th e n  e x t r a c te d  in  a  S oxh le t a p p a ra tu s  w ith
hexane f o r  2-4 days. T his hexane e x t r a c t  a f t e r  m u l t ip le  chrom atographies
25y ie ld e d  d a c ty ly n e , a s  a  c l e a r ,  c o lo r l e s s  o i l  [a ]^  + 33° (c 6 .5  
CHCl^)• The mass spectrum  (F ig u re  XI) in d ic a te d  a  m o lecu la r w eigh t o f 
408 and th e  m o lecu la r io n  showed th e  i s o to p ic  p a t te r n  expec ted  f o r  a 
compound c o n ta in in g  two brom ine atom s and one c h lo r in e  atom (408, 1.5%; 
419, 3% and 412, 2%). Combustion a n a ly s i s  confirm ed th e  r a t i o  o f  halogen 
atoms in d ic a te d  ^y  th e  mass sp ec tru m . From th e s e  d a ta  a m o lecu la r f o r ­
mula o f C^^H^gBrgClO i s  c a lc u la te d  fo r  d a c ty ly n e . T his form ula re v e a ls  
th a t  d a c ty ly n e , has f iv e  d e g re e s  o f  u n s a tu r a t io n .
The in f r a r e d  ( i r )  spectrum  (F ig u re  XI) g iv e s  c o n s id e ra b le  in ­
fo rm a tio n  re g a rd in g  th e  type  o f  uns a tu r a t io n  p re s e n t in  d a c ty ly n e . The
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sharp  s tro n g  a b so rp tio n  a t  3305 cm ^ and th e  v e ry  weak a b s o rp tio n  a t  
2100 cm correspond  to  th e  carbon-hydrogen s t r e t c h  and th e  carbon-carbon  
s t r e t c h  r e s p e c t iv e ly  o f a  te rm in a l a c e ty le n ic  m o ie ty . The u l t r a v i o l e t  
spectrum  (X 222.5 nm w ith  an I n f le c t io n  a t  230 nm, e = 12,000) i s  con­
s i s t e n t  w ith  th a t  o f  a  m olecule h av in g  a double bond in  c o n ju g a tio n  w ith  
a  te rm in a l  a c e ty le n e . From these  d a ta  th e  p a r t i a l  s t r u c tu r e  shown as la 
can b e  drawn. An enyne accounts fo r  th r e e  d eg rees  o f u n s a tu ra t io n  
le a v in g  o n ly  two o th e r  degrees o f  u n s a tu ra t io n  to  be accounted  f o r .
9 9
-C=C-C=C-H 
1 a
The p ro to n  m agnetic resonance (pmr) spectrum  (F ig u re  XI) and 
th e  d eco u p lin g  da ta  (T ab le V) confirm  th e  co n c lu s io n s  drawn from th e  
in f r a r e d  and u l t r a v i o l e t  sp e c tra . One in fo rm a tiv e  f e a tu r e  o f  th e  pmr 
spectrum  th a t  should  be no ted  a t th e  o u ts e t  i s  th a t  ex cep t fo r  th e  t r i ­
p le t  a t  6 1 .1 4  a l l  o f  th e  pro tons in  th e  m olecule  abso rb  below 6 2 .1 . 
T h e re fo re , a l l  o f  th e  o th e r  pro tons a r e  a l l y l i c ,  bonded to  an u n sa tu ra te d  
c a rb o n , d e sh ie ld e d  by a heteroatom  o r in f lu e n c e d  by some o th e r  unusual 
s t r u c t u r a l  f e a tu r e .
There a re  th r e e  s e ts  of a b s o rp tio n s  o b se rv a b le  in  th e  o le f in ic  
re g io n  o f  th e  pmr spectrum . The f i r s t  one i s  a  fo u r te e n  l i n e  s ig n a l  
c e n te re d  a t  6 6 .12 w hich in te g ra te d  f o r  one p ro to n . There a re  th r e e  
la rg e  c o u p lin g s  v i s ib l e  ( J  = 11, 8 , and 6 .5  Hz) to  g iv e  fo u r  s e t s  of 
d o u b le ts .  Each member o f  each d o u b le t i s  s p l i t  ag a in  by a  sm all coup ling  
( J  = 2 Hz) to  g ive a maximum of s ix te e n  l i n e s ,  b u t b ecau se  o f  th e  o v erlap
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o f some o f  th e  s ig n a ls  only fo u rte e n  l in e s  a r e  v i s i b l e .  The coup ling  
c o n s ta n ts ,  chem ical s h i f t  and s p l i t t i n g  p a t te r n  o f t h i s  m u l t ip le t  a re  
c o n s is te n t  w ith  e x p e c ta tio n s  fo r  th e  s ig n a l  o f  an o le f in ic  p ro to n  th a t  
i s  coupled  to  th re e  v ic in a l  p ro to n s  and coupled  long ran g e  to  one more. 
The s e t  o f  a b so rp tio n s  f a r th e s t  u p f ie ld  in  th e  o le f i n ic  re g io n  i s  a 
d o u b le t s ig n a l  c e n te re d  a t  6 5 .6 .  This s ig n a l  e x h ib i ts  a  la rg e  coup ling  
( J  = 11 Hz) w ith  one a d ja c e n t p ro to n  and th r e e  sm all co u p lin g s  (J  = 2,
1 .5  and 1 Hz) to  o th e r  p ro to n s . This a b so rp tio n  p a t te r n  i s  in  agreem ent 
w ith  th a t  a n t ic ip a te d  fo r  an o l e f i n i c  p ro to n  which i s  coupled to  a 
v ic in a l  o l e f i n i c  p ro to n  ( th e  la rg e  J  value) and th en  coup led  long  range 
w ith  th r e e  more p ro to n s  ( th e  sm all J  v a lu e s ) . As w i l l  be no ted  from th e  
double i r r a d i a t i o n  d a ta  (T ab le V) th e  p ro to n s whose s ig n a ls  appear a t  
6 6 .12  and 5 .6  a re  coupled  w ith  each o th e r .  S ince th e  two p ro to n s  a t  
6 6 .12 and 5 .6  a re  coupled  to  each o th e r  th e y  should  be th e  two o le f in ic
p ro to n s  o f  th e  1^ m o ie ty . I r r a d ia t io n  o f th e  p ro to n s  a t  5 6 .12 o r 5 .6
c o lla p se d  th e  s ig n a l  a t  6 3.18 to  a d o u b le t. The a b so rp tio n  a t  ô 3 .18
in t e g r a te s  f o r  one p ro to n  and th e  chem ical s h i f t  i s  a p p ro p r ia te  fo r  a
te rm in a l a c e ty le n ic  p ro to n  s ig n a l .  I r r a d ia t io n  o f th e  a c e ty le n ic  p ro to n  
(6 3.18) e l im in a te d  a 2 Hz s p l i t t i n g  from b o th  th e  6 6 .12  and 5 .6  
s ig n a l s ,  and hence i t  i s  e v id e n t th a t  th e se  two o le f in ic  p ro to n s  a re  b o th  
coupled to  th e  te rm in a l a c e ty le n ic  p ro to n  w ith  a J  o f 2 Hz. In  a d d i t io n  
to  be in g  coup led  to  th e  o le f in ic  p ro ton  and th e  a c e ty le n ic  p ro to n , th e  
p ro to n  whose s ig n a l  appears a t  5 6.12 in d ic a te s  by i t s  s p l i t t i n g  p a t te rn  
( t o t a l  o f  fo u r  d i f f e r e n t  J ' s )  th a t  i t  i s  coupled to  two more p ro to n s on 
a n o th e r  a d ja c e n t  carbon . T h ere fo re , th e  p a r t i a l  s t r u c tu r e  2^  can be ex­
panded to  th e  p a r t i a l  s t r u c tu r e  shown in  lb.
I l l
TABLE V
DOUBLE IRRADIATION OF DACTYLYNE 1 .^
P ro ton  I r r . S ig n a l Obs. Change Obs. Remarks
1.14 2 .48 b cC o llapsed  to  s  *
2.48 1.14 C o llapsed  to  s
6.12 2 .7 D istu rb ed ^
5 .6 C o llapsed  to  bs
3.18 C o llapsed  to  d J  = 2 Hz
2.7 6 .12 C o llapsed  to  dd J  = 11,2 Hz
3.71 C o llap sed  to  d J  = 2 Hz
5 .6 D is tu rb ed J  = 11 Hz
5 .6 6.12 C o llap sed  to  dd
2 .7 D is tu rb ed
3.18 C o llap sed  to  s
5 .8 2 .4 D istu rb ed ^
2 .4 5 .8 C o llap sed  to  s
3 .37 C o llap sed  to  d J  = 2 Hz
4.16 3.71 C o llap sed  to  dd J  = 7,8 Hz
3.37 C o llap sed  to  t J  = 7 Hz
2.78 D is tu rb ed
3.71 4 .16 D is tu rb ed
2 .7 D is tu rb ed
3.37 4 .16 D is tu rb e d
2 .4 D is tu rb ed
3.18 6.12 C o llap sed  to  8 l i n e s
5 .6 C o llapsed  to  bd J = 11 Hz
2.78 4.16 C o llap sed  to  d J  = 6 Hz
d o u b le  i r r a d i a t i o n  ex perim en ts  were perform ed on th e  V arian  XL-100 o r 
220 MHz in s tru m e n ts  in  ch lo ro fo rm -d . ^ A b rév ia tio n s  used  in  t h i s  t a b le :  
s ,  s i n g l e t ;  b s , board  s i n g l e t ;  d ,  d o u b le t; dd, double d o u b le t; t ,  t r i p l e t ;  
b d , b road  d o u b le t.  ^These s p e c t r a l  changes a re  unam bigcusly o b se rv ab le  
o n ly  in  th e  220 MHz d eco u p lin g  ex p e rim e n ts .
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The rem ain ing  o le f in ic  p ro to n  a b s o rp tio n  a p p e a rs  a t  ô 5 .81  and i s  
a  t r i p l e t  w hich in te g r a te s  fo r  one p ro to n . S ince t h i s  a b so rp tio n  i s  a 
s i r ç l e  t r i p l e t  th e  p ro ton  p rod u cin g  t h i s  s ig n a l  must have only two pro­
to n s  on th e  a d ja c e n t a l l y l i c  carbon  and none on th e  n e ig h b o rin g  o le f i n ic  
ca rb o n . Because o f  t h i s  f a c t  th e  p a r t i a l  s t r u c t u r e  ^  can be drawn.
\  J
/C=C-CH -  R and R' ^ H
R
1 a
U p fie ld  from  th e  o l e f i n i c  re g io n  i s  a two p ro to n  m u l t ip le t  cen­
te re d  a t  (5 4 .1 6 . The chem ical s h i f t  o f  t h i s  s ig n a l  i s  ty p ic a l  o f p ro to n s  
on a  carbon b e a r in g  oxygen. S ince th e  i r  spectum  (F ig u re  XI) does n o t 
show a  hyd ro x y l a b so rp tio n  th e s e  two p ro to n s  must be on carb o n (s) b e a r in g  
an  e th e r  oxygen. Because o f  th e  m u l t i p l i c i t y ,  a t  l e a s t  a  s e p te t ,  and 
sym m etrica l shape o f  th e  peak i t  would seem l i k e l y  t h a t  th e se  p ro to n s  
a r e  on o p p o s ite  s id e s  of th e  e th e r  oxygen le a d in g  to  th e  con c lu sio n  th a t  
p a r t i a l  s t r u c t u r e  Id can be drawn.
1 d
U p fie ld  from th e  two p ro to n  a b s o rp tio n  a t  ô 4 .16  i s  a one p ro to n  
double doub le  d o u b le t s ig n a l  a t  6 3 .7 1 . The chem ica l s h i f t  o f t h i s
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a b s o rp tio n  i s  a p p ro p r ia te  fo r  a  p ro to n  on a ca rbon  b e a r in g  h a lo g en . The 
m u l t i p l i c i t y  o f  t h i s  s ig n a l ,  a  double double d o u b le t ,  J  = 8 , 7, and 2 Hz, 
in d ic a te s  t h a t  th e  p ro ton  ab so rb in g  a t  6 3.71 i s  coupled to  two p ro to n s  
on one a d ja c e n t  carbon  and one p ro to n  on th e  o th e r  n e ig h b o rin g  ca rb o n .
At 5 3 .3 7  i s  a one p ro to n  doubled t r i p l e t .  The chem ica l s h i f t  
o f  t h i s  s ig n a l  i s  a l s o  a p p ro p r ia te  fo r  a p ro ton  on a carbon  b e a r in g  
h a lo g en . S in ce  th e  two p ro to n s  a t ta c h e d  to  ca rb o n s b e a r in g  h a lo g en  ab­
sorb  a t  d i f f e r e n t  chem ical s h i f t  p o s i t io n s ,  i t  i s  l i k e ly  th a t  th e  
p a r t i c u l a r  h a lo g e n s  a s s o c ia te d  w ith  each o f  th e s e  a b s o rp tio n s  is  d i f f e r ­
e n t ,  i . e . ,  c h lo r in e  v s  brom ine. The s p l i t t i n g  p a t t e r n  o f th e  ô 3 .37  
a b s o rp tio n  in d i c a te s  th a t  th e  p ro to n  producing  t h i s  s ig n a l  a l s o  h a s  two 
p ro to n s  on one n e ig h b o rin g  carbon  and one on th e  o th e r  a d ja c e n t carb o n . 
These d a ta  in d i c a te  th e re  a re  two u n i t s  in  d a c ty ly n e .
X = Br o r  Cl
1 e
The 6 3 .0 3 -2 .1  re g io n  in  th e  pmr spectrum  o f d a c ty ly n e  i n t e ­
g ra te s  f o r  e ig h t  p ro to n s  and excep t fo r  th e  a p p a re n t q u a r te t  s ig n a l  
c e n te re d  a t  6 2 .52  i t  i s  d i f f i c u l t  to  t e l l  much abou t t h i s  a r e a .  The 
q u a r te t  c e n te re d  a t  6 2.52 i s  a t t r i b u t a b l e  to  th e  a b s o rp tio n  o f  m ethylene 
p ro to n s  t h a t  a r e  flan k e d  on one s id e  by a m ethyl group and on th e  o th e r  
s id e  by an o l e f i n i c  carbon b e a r in g  no p ro to n . I f  t h i s  i s  th e  c a se  then  
i r r a d i a t i o n  a t  5 2 .5 2  should  c o l la p s e  th e  th re e  p ro to n  t r i p l e t  a t  S 1 .41 
to  a s in g l e t  and co n v e rse ly  i r r a d i a t i o n  a t  6 1 .41  shou ld  c o l la p s e  th e
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q u a r te t  a t  6 2 .5 2  to  a  s i n g l e t .  As can be seen from Table V t h i s  i s  
e x a c tly  what happens. T h e re fo re , one o f th e  R groups shown in  p a r t i a l  
s t r u c tu r e  I c  must be an e th y l  group and p a r t i a l  s t r u c tu r e  1^ can  be  
expanded to  p a r t i a l  s t r u c t u r e  1 / .
I f
............ 2
The sequence in  w hich th e  is o la te d  s t r u c t u r a l  fragm en ts  th a t  
have been d isc u sse d  th u s  f a r  a r e  jo in e d  to g e th e r  can be determ ined  by 
exam ination  o f  th e  rem ain d er o f  th e  coup ling  d a ta  in  Table V. As shown 
in  Table V, when th e  sam ple i s  I r r a d ia te d  a t  5 5 .8 ,  th e  p o s i t io n  o f  th e  
t r i p l e t  a b s o rp tio n  co rre sp o n d in g  to  th e  v in y l p ro to n  in  p a r t i a l  s t r u c tu r e  
I f ,  th e  a b s o rp tio n  a t  ô 2 .4  i s  a l te r e d  s l i g h t ly .  C onversely  when th e  5 
2 .4  re g io n  i s  i r r a d i a t e d  n o t o n ly  does th e  s ig n a l  a t  6 5 .8  c o l la p s e  to  a 
s i n g l e t ,  b u t th e  s ig n a l  a t  6 3 .37  for one of th e  p ro to n s  on a carbon  
b e a r in g  ha logen  c o l la p s e s  to  a  doub le t ( J  = 2 Hz) . T h e re fo re , th e  
a l l y l i c  m ethylene o f p a r t i a l  s t r u c tu r e  i s  th e  same a s  th e  m ethy lene 
o f  one o f th e  1 ^  halogen  c o n ta in in g  groupings and 1 ^  can  be expanded to  
th e  p a r t i a l  s t r u c tu r e  1 ^  by  combining 1£ and one le_ u n i t .
C H ^-C H ^-^= ^-C H ^-^-^  X = Br o r  Cl
1 3
T able V a ls o  r e v e a ls  t h a t  when th e  p ro to n  on th e  carbon  
bonded to  th e  halogen  in  1 ^  (5 3.37) i s  i r r a d i a te d  th e  a b s o rp tio n  o f  th e  
p ro to n  on carbon b e a r in g  oxygen (6 4.16) i s  d is tu rb e d .  T h e re fo re , th e
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s in g le  p ro to n  on th e  carbon  a d ja c e n t to  th e  —CHX— u n i t  in  Ig^ i s  th e  same 
as  one o f th e  p ro to n s  on th e  e th e r  carb o n s in  Id ; hence Id  and can be 
combined to  g iv e  p a r t i a l  s t r u c tu r e  Ih.
CH2~CH2~C=C-CH2~y—Ç—0-Ç— X = Br o r  Cl
1 h
When th e  6 4 .1 6  p o s i t io n  i s  i r r a d i a te d ,  n o t only  does th e  ab­
s o rp tio n  a t  6 3.37 c o l la p s e  to  a  t r i p l e t  b u t ,  as can  be seen  from Table 
V th e  s ig n a l  a t  5 3 .71  c o l la p s e s  to  a doub le  d o u b le t.  This in d ic a te s  
t h a t  th e  p ro to n  on th e  o th e r  e th e r  carbon  in  must be th e  p ro to n  on 
th e  more s u b s t i tu te d  end carbon o f th e  second 1^ u n i t  and hence p a r t i a l  
s t r u c tu r e  ^  can  be  expanded to  p a r t i a l  s t r u c tu re  I d .
CSg—V— V—Œg-C—p-<)—Y"-C— X = Br o r  Cl
1 d
I f  th e  p ro to n  ab so rb in g  a t  6 3 .71  i s  i r r a d i a te d ,  n o t o n ly  i s  th e  
a b so rp tio n  a t  6 4 .16  d is tu rb e d ,  b u t a  s ig n a l  a t  6 2 .7  i s  d is tu rb e d . I f  
th e  p ro to n  ab so rb in g  a t  6 2 .7  i s  i r r a d i a t e d  not o n ly  does th e  s ig n a l  a t  
S 3 .71  c o l la p s e  to  a d o u b le t ( J  = 2 Hz) b u t th e  a b so rp tio n  a t  6 6.12 
c o lla p s e s  to  a  double d o u b le t and th e  s ig n a l  a t  6 5 .6  i s  d is tu rb e d .  T his 
in d ic a te s  th a t  th e  m ethylene group a d ja c e n t to  th e  carbon b e a r in g  halogen  
on th e  f a r  r ig h t  in  p a r t i a l  s t r u c tu r e  1 ^  and the m ethylene group f la n k in g  
th e  o le f in ic  carbon  o f  p a r t i a l  s t r u c tu r e  1^ must be th e  same. T h e re fo re , 
p a r t i a l  s t r u c tu r e s  Id  and 1 ^  can be combined to  g iv e  p a r t i a l  s t r u c tu r e
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X = Br o r  Cl
1 J
C ounting th e  atoms of p a r t i a l  s t r u c tu r e  ^  g ives  th e  form ula 
C^^H^2^20* T his f a l l s  s h o r t  o f  th e  fo rm ula  e s ta b l is h e d  f o r  d ac ty ly n e  by 
o n ly  one carbon  atom, two hydrogen  atom s and a  halogen  atom . S ince a l l  
o f  th e  d o v n fie ld  a b s o rp tio n s ,  i . e . ,  6 3 .3 7 , 3 .71 and 4 .1 6 , caused by th e  
d e s h ie ld in g  o f  th e  heteroatom s have been  accoun ted  f o r ,  i t  would seem 
th a t  th e  rem ain ing  carbon  and hydrogen atom s a re  p re se n t a s  a m ethylene 
group w hich jo in s  th e  two e th e r  ca rb o n s  o f  to g e th e r  to  form an o x e tan e . 
The d a ta  in  Table V le n d s  su p p o rt to  t h i s  c o n c lu sio n  because  i f  th e  
p ro to n s  ab so rb in g  a t  6 2 .78 a r e  i r r a d i a t e d  th e  m u l t ip le t  a t  6 4.16 
(two hydrogens on carbons b e a r in g  oxygen) c o l la p s e s  to  a  d o u b le t.  The
chem ica l s h i f t  p o s i t io n  o f  5 2 .78  i s  v e ry  c lo se  to  th a t  observed  fo r  th e
5 ,8
c e n t r a l  m ethylene p ro to n s  o f  o x e ta n e  i t s e l f ^ ^  (6 2 .7 ) and a  r e la te d
n a tu r a l ly  o c c u rr in g  o x e tan e  (6 2 .9 )  i s o la te d  by I r i e  and co-workers* 
T h ere fo re  p a r t i a l  s t r u c tu r e  1^  can  be expanded to  s t r u c tu r e  Ik.
? ?CH2-HÏÏ2-C==K:-4:H2Hp-HX.^^^^^— J-<ÏÏ2H>==C--CeC-H X and X' = Br o r  Cl
1 k
The s t r u c tu r e  Vi a c c o u n ts  fo r  a l l  o f th e  carbon and hydrogen 
atom s and le a v e s  on ly  th e  r e l a t i v e  p lacem ent o f th e  h a logen  atoms to  be 
de term ined . Mass s p e c tr a l  ev id en ce  in d ic a te s  t h a t  a  c leav ag e  occurs 
t h a t  g iv e s  fragm ent ions c o n s is te n t  in  i s o to p ic  r a t i o  and w eig h t fo r  R' 
to  b e  brom ine (M  ^ -  CH^—CH2—CBr=CEE-CH2, m /e 261, and 263 and th e
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com plem entary ions m/e 147 and 1 4 9 ). H ence, R' must be brom ine. Mass 
s p e c t r a l  ev idence  f u r th e r  in d ic a te s  t h a t  b o th  th e  brom ine atoms a re  on 
th e  same s id e  ch a in  and t h a t  th e  c h lo r in e  atom  i s  on th e  o th e r  s id e  ch a in  
w hich c o n ta in s  th e  a c e ty le n ic  m o ie ty , b ecau se  th e  c leav ag e  between C-7,
8 and C-7, oxygen w ith  a  hydrogen t r a n s f e r  to  th e  s id e  ch a in s  were X =
C l ( in  Ik )  g iv e s  a peak a t  m/e 127 and th e  c o rre sp o n d in g  peaks fo r  th e  
rem ainder o f  th e  m olecule a t  m/e 281, 283 and 285. Although the peaks 
co rre sp o n d in g  to  t h i s  c le a v a g e  w ith  X = Br a r e  p re s e n t  (237, 239; 171,
173) th e  i n t e n s i t i e s  a re  w eaker th a n  th e  s e t s  m entioned above and hence 
th e  s t r u c t u r e  Ik  w ith  X = Cl i s  fa v o re d . B ecause o f  th e  g re a te r  e l e c t r o ­
n e g a t iv i t y  o f  c h lo r in e  as  opposed to  b rom ine, c h lo r in e  would be expec ted  
to  d e s h ie ld  a  p ro to n  more th a n  brom ine. S ince  th e  p ro to n  a s s o c ia te d  
w ith  th e  6 3 .7 1  a b s o rp tio n  was shown by d e c o u p lin g  ev idence to  be  homo- 
a l l y  l i e  to  th e  co n jugated  enyne m o ie ty , th e  c h lo r in e  i s  th e n  on th e  s id e  
c h a in  b e a r in g  th e  a c e ty le n e .  T h e re fo re , th e  h a lo g en s  can now be added 
to  s t r u c t u r e  3^  to  g iv e  s t r u c tu r e
Br H , Br H ^ / %  H Cl H H
1 I
The s te re o c h e m is try -o f  th e  d o ub le  bonds and th e  r e l a t i v e  s t e r o -  
c h e m is try  o f  th e  s u b s t i tu e n ts  on th e  o x e tan e  r in g  can  be a ss ig n ed  from  
s p e c t r a l  d a ta .  I r i e  and co -w orkers have shown th a t  fo r  double bonds in  
c o n ju g a tio n  w ith  a te rm in a l  a c e ty le n e , a  c o u p lin g  c o n s ta n t o f  11 Hz 
betw een v in y l  p ro to n s  in d ic a te s  c i s  doub le  bond geom etry w h ile  a  co u p lin g  
c o n s ta n t  betw een o le f in ic  p ro to n s  o f  15 Hz co rresp o n d  to  a tra n s
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5“8c o n f ig u ra tio n  . Hie c o u p lin g  c o n s ta n t between th e  o l e f i n i c  p ro to n s  o f 
d a c ty ly n e  i s  11 Hz. T h e re fo re , th e  double bond co n ju g a ted  w ith  th e  
te rm in a l  a c e ty le n e  in  d a c ty ly n e  i s  c i s .
The carb o n -1 3  m agnetic  resonance spectrum  (T ab le  VI) g iv es  some 
in d ic a t io n  as  to  th e  s te re o c h e m is try  o f  th e  is o la te d  doub le  bond in  th e  
s id e  ch a in  The ch em ica l s h i f t s  of carbons a l l y l i c  to  an is o la te d
double bond c o n ta in in g  brom ine w ere c a lc u la te d  u s in g  chem ica l s h i f t  v a lu es  
o f  s im i la r  confounds found in  re fe re n c e  16. The c a lc u la te d  v a lu e s  were 
o b ta in e d  in  th e  fo llo w in g  m anner. The chem ical s h i f t  v a lu e s  o f  C-2 and -5  
o f  c i s  and t r a n s  3 -o c te n e ^ ^  w ere ta k e n  a s  th e  b ase  v a lu e s .  I t  was a s ­
sumed th a t  th e  d e s h ie ld in g  e f f e c t  o f  bromine on a  carbon  B to  i t  i s  th e  
same w hether brom ine i s  bonded to  a  s a tu ra te d  o r  an  o l e f i n i c  carb o n . I t  
was f u r th e r  assumed th a t  th e  s h ie ld in g  e f f e c t  o f  brom ine on a  carbon y 
to  i t  i s  th e  same w h eth er brom ine i s  bonded to  a s a tu r a te d  o r  an  o le f in ic  
ca rb o n . The r e p o r te d  chem ica l s h i f t  o f  th e  p ro p er a lk a n e  carbon  was then  
s u b tra c te d  from th e  r e p o r te d  v a lu e  o f  th e  same carbon  in  th e  co rrespond ­
ing  bromo a lk an e  to  o b ta in  a  A ppm. The A ppm v a lu e  c a lc u la te d  in  th i s  
manner was th e n  added to  th e  v a lu e s  fo r  th e  C-2 and -5  ca rb o n s  o f  b o th  
c i s  and t r a n s  3 -o c te n e  k eep in g  in  mind th a t  C-11 o f  d a c ty ly n e  has a 
brom ine b o th  8 and y to  i t .  The v a lu e s  c a lc u la te d  fo r  3 -o c te n e  by th i s  
method w ere: c i s  C -2 . % 31 , C-5, % 34; tr a n s  C-2, % 36, C -5, % 39. The
observed  v a lu e s  f o r  d a c ty ly n e  a r e  C -U , 35.36 and C-14, 3 4 .0 5 . S ince 
th e  v a lu e s
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TABLE VI
DACTYLYNE CHEMICAL SHIFT^ ASSIGNMENTS^ *
Carbon No. (1%) Chem. S h if t M ult^
1 79.25 _ _ c ,d
2 79.68 s
3 110.78 d
4 139.75 d
5 39.04 t
6 54.59 d
7 83 .2 __d
8 29.04 t
9 79.45 __d
10 46.02 d
11 35.36 t
12 125.12 d
13 131.3 s
14 34.05 t
15 13.27 q
^ Chem ical s h i f t s  w ere determ ined u s in g  th e  C^^ reso n an ce  o f  IMS as  an 
i n t e r n a l  s ta n d a rd .  ^ M u l t i p l i c i t i e s  were determ ined  from  th e  o f f -  
reso n an ce  decoupled  spectrum  of d a c ty ly n e . ^ Symbols used in  t h i s  ta b le  
a re :  s ,  s i n g l e t ;  d , d o u b le t;  t ,  t r i p l e t ;  and q, q u a r t e t .  Each o f
th e se  peaks sh o u ld  be a  d o u b le t. However, one le g  o f  th e  d o u b le t i s  
c o in c id e n t w ith  a  s o lv e n t  peak and cannot be seen .
*
Except fo r  C-5 and -11  th e  chem ical s h i f t  a ssignm en ts  w ere made by 
com parison o f  observed  chem ical s h i f t  v a lu es  w ith  th o s e  re p o r te d  in  
ta b le s  16 to g e th e r  w ith  m u l t i p l i c i t y  in fo rm a tio n . C-5 and -11 w ere 
a ss ig n e d  on th e  b a s is  o f  th e  g e n e ra l iz a t io n  g leaned  from  ta b le s lG  
th a t  ca rb o n s y to  brom ine a re  s h ie ld e d . T h e re fo re , C-11 shou ld  b e  
f a r th e r  u p f ie ld  th an  C -5.
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c a lc u la te d * fo r  th e  c i s  double bond more c lo s e ly  approx im ate  th o se  ob­
served  th an  do th e  t ra n s  v a lu e s , s t r u c tu r e  3 ^  can be drawn a s  shown in
Im.
1
The q u e s tio n  o f  th e  s te ro c h e m is try  o f  th e  o x e tan e  r in g  s t i l l  r e ­
m ains. In  th e  pmr spectrum  of d ac ty ly n e , th e  oxetane m ethy lene p ro ton  
s ig n a ls  f a l l  in  th e  same re g io n  as th e  a l l y l i c  p ro to n s  resonances  and 
t h i s  makes i t  Im p o ss ib le  to  determ ine th e  m u l t i p l i c i t y  o f  th e  form er 
a b s o rp tio n . T h e re fo re , to  remove th e  a l l y l i c  p ro ton  a b s o rp tio n s  
d ac ty ly n e  was h y d rogenated  over p la tinum  o x id e . A w h ite  c r y s t a l l i n e  
s o l id ,  2) was o b ta in e d . The mass spectrum  (F ig u re  X II) o f  2^  shows a 
m o lecu la r ion  o f 338 w ith  an is o to p ic  r a t i o  expected  o f  a  compound th a t  
c o n ta in s  one brom ine and one c h lo r in e .  T his m o lecu la r ion  co rresponds 
to  a m o lecu la r fo rm u la  o f Cj^^^H^gBrClO. The pmr spectrum  in d ic a te s  th a t  
a l l  o f  th e  ca rb o n -ca rb o n  u n sa tu ra t io n  has been  reduced (absence  o f 
o le f in ic  and th e  a c e ty le n ic  p ro ton  a b s o rp tio n s ) .  The s ig n a ls  o f  th e
Cis t r a n s
3 -o c ten e  C-2, 20 .7  C-5, 26.8 C-2, 25 .4  C-5, 32.2
+10 .6  +10.6  +10.6  +10.6
31.3  37.4 36.0  42 .8
-3 .7  -3 .7
33.7 39.1
1 -  Bromo p en tan e  C-2 33.2  1 -  Bromo pen tane C-3 30.8
Pentane C-2 22 .6  Pentane C-3 34.5
+10.6 — 3 .7
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p ro to n s  on carbon b e a r in g  h ao lg en  a re  p re s e n t (5 3 .32 and 3 ,58 ) and have 
s h i f te d  o n ly  s l i g h t l y  from th o s e  in  d ac ty ly n e  (6 3 .37  and 3 .7 ) .  The ab­
s o rp tio n  o f  th e  two p ro to n s  on carbons bonded to  oxygen i s  p re s e n t  a t  6 
4 .1 5 . As expected  th e  s ig n a l  f o r  th e  m ethylene p ro to n s  in  th e  o x e tan e  
a r e  now c l e a r ly  v i s i b l e  a t  6 2 .7 8 . When th e  p ro to n  ab so rb in g  a t  6 2 .78 
i s  i r r a d i a te d  th e  m u l t ip le t  a t  6 4 .15  c o l la p s e s  to  a  b ro ad  d o u b le t .  
I r r a d i a t i o n  o f  th e  p ro to n s  a b so rb in g  a t  5 4 .15  s im p l i f ie s  th e  a b s o rp tio n  
a t  Ô 2 .7 8 . T his i s  s tro n g  e v id en ce  f o r  th e  p resen ce  o f  an  o x e tan e  r in g .  
The pmr spectrum  o f o xetane  i t s e l f ^ ^  shows a  w e ll re s o lv e d  f iv e  l i n e  
s ig n a l  w ith  eq u a l c o u p lin g  betw een each l i n e  fo r  th e  two c e n t r a l  methy­
le n e  p ro to n s  o f  th e  r in g .  As can be seen  from th e  pmr spectrum  o f  o c ta ­
hydrodebrom odactylyne (F ig u re  X II) th e  a b so rp tio n  o f  th e  m e thy lene p ro to n s  
o f th e  o xetane  r in g  (6 2 .78 ) i s  q u ite  d i f f e r e n t  from  t h a t  o f  th e  c o r r e s ­
ponding p ro to n s  o f o x e ta n e . In  octahydrodebrom odacty lyne th e  o x e tan e  
m ethylene a b so rp tio n  c o n s i s t s  o f  two t r i p l e t s  ( J  = 4 and 2 Hz) a t  6 
2 ,76  and 2 .7 9 . I f  th e  s u b s t i tu e n t  s id e  ch a in s  on th e  o x e tan e  r i n g  were 
t r a n s , th e  s p l i t t i n g  p a t t e r n  o f each o f  th e  m ethylene p ro to n s  would be a 
double d o u b le t,  co rre sp o n d in g  to  a  la rg e  and a sm all c o u p lin g , w ith  each 
o f  th e  p ro to n s  on th e  ca rb o n  b e a r in g  oxygen to  g ive  a  t o t a l  o f e ig h t  
l i n e s .  For th e  t r a n s  c a s e  ex am in a tio n  o f m odels in d ic a te s  th e  co u p lin g s  
would be ap p ro x im ate ly  6 and 2 Hz. I f  th e  s u b s t i t u t e n t  s id e  c h a in s  on 
th e  oxetane  w ere c i s  o r ie n te d ,  th e  m ethylene p ro to n  c i s  to  th e  a lk y l  sub­
s t i t u e n t s  would ex p e rien ce  a  t r a n s  and eq u a l c o u p lin g  to  th e  two n e ig h b o r­
in g  p ro to n s  and hence g iv e  r i s e  to  a  t r i p l e t  s ig n a l .  At th e  same tim e 
th e  m ethylene p ro to n  t r a n s  to  th e  a lk y l  s u b s t i tu e n ts  would ex p e rien ce  
a  c i s  co u p lin g  to  th e  two n e ig h b o rin g  p ro to n s  and a ls o  g iv e  r i s e  to  a
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t r i p l e t .  However, th e  m agn itude o f th e  coupling  c o n s ta n ts  would b e  ex­
pec ted  to  be d i f f e r e n t  f o r  each  t r i p l e t  because o f th e  d i f f e r e n c e  in  
d ih e d ra l  a n g le s .  For th e  c i s  c ase  th e  coup ling  c o n s ta n ts  should  be  
d i f f e r e n t  b u t f a i r l y  sm a ll (from a n a ly s is  o f m odels). The observed  
p a t te r n  (two t r i p l e t s )  and  th e  co u p lin g  co n s ta n ts  (J  = 4 and 2 Hz) more 
c lo s e ly  c o in c id e  w ith  w hat i s  expec ted  fo r  th e  c i s  s u b s t i tu t e d  o x e tan e  
r in g .  T his c o n c lu s io n  le a d s  to  th e  proposed s t r u c tu re  1^  f o r  d ac ty ly n e
and 2 f o r  i t s  octahydrodebrom o d e r iv a t iv e .
H H
H
Br Cl
There a re  th r e e  item s o f th e  proposed s t r u c tu r e  of d a c ty ly n e , 1^ , 
t h a t  need f u r th e r  v e r i f i c a t i o n .  These item s a re  th e  s te re o c h e m is try  of 
th e  i s o la te d  double bond in  th e  s id e  c h a in , th e  s te re o c h e m is try  ( r e l a t i v e  
and a b s o lu te  i f  p o s s ib le )  o f  th e  s u b s t i tu e n ts  on th e  o x e tan e  r in g  and 
th e  p o s i t io n  o f  th e  secondary  h a l id e s  (which s id e  cha in  each  i s  in )  . 
Complete r e s o lu t io n  o f  th e  s te re o c h e m ic a l problem s may u l t im a te ly  r e ­
q u ire  x - ra y  a n a ly s i s .
SUMIARY
The s p e c t r a l  and chem ical ev idence w hich forms th e  b a s is  fo r  a 
proposed s t r u c tu r e  o f  a novel h a lo  a c e ty le n ic  compound c a l le d  d a c ty ly n e , 
1^ , i s o la te d  from  th e  sea h a re  A plysia  dac ty lo m ela  Rang i s  p re se n te d .
The co n v ers io n  o f  d a c ty ly n e , 1^ , to  i t s  octahydrodebrom o d e r iv a t iv e  2. i s  
d isc u sse d  a long  w ith  th e  s te ro ch e m ic a l co n c lu s io n s  t h a t  can be drawn 
from th e  pmr spectrum  of
H H
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EXPERIMENTAL
A ll m e ltin g  p o in ts  a re  u n c o rre c te d . A ll s o lv e n ts  w ere d i s t i l l e d  
p r io r  to  u se . Column chrom atographic packings used w ere s ilicA R  CC-7 
(M a llin c k ro d t, 100-200 and 200-325 m esh), f l o r i s i l  (F is h e r  S c ie n t i f i c ) ,  
s i l i c a  g e l (G race, 60-200 mesh) and s i l i c a  g e l H (E. Merck AG, D arm stadt). 
Thin la y e r  chrom atography was perform ed on 5 x 20 cm g la s s  p la te s  w ith  
s i l i c a  g e l H (E. Merck Ag, D arm stadt) o r  on p repared  p la te s  o f  S i l  Gel 
G/UV25^ (M achery-N agel, D uren), s i l i c a  g e l F-254 (E. Merck AG, Darm stadt) 
o r S i l  Gel N-HR/UV^^^ (M achery-Nagel, D uren). The developed  p la te s  were 
p laced  under u l t r a v i o l e t  l i g h t  a n d /o r  exposed to  io d in e  v ap o rs  o r  sprayed 
w ith  a 10% s u l f u r i c  a c id  s o lu tio n  fo r  v i s u a l iz a t io n  o f  th e  chromatogram. 
P re p a ra t iv e  la y e r  chrom atography was perform ed on 20 x 20 cm g la s s  p la te s  
w ith  a 2 mm la y e r  o f  s i l i c a  g e l PF-254 + 366 (E. Merck AG, D arm stad t).
P ro to n  m agnetic resonance (pmr) s p e c tra  w ere ta k e n  on V arian  
T-60, XL-100 o r  220 MHz sp ec tro m ete rs  u s in g  te t r a m e th y ls i la n e  (TMS) as 
an i n t e r n a l  r e f e r e n c e .  Samples were run  in  v a ry in g  c o n c e n tra t io n s  o f  
ch lo ro fo rm -d . Chem ical s h i f t s  a re  re p o r te d  in  6 - u n i t s  ( p a r ts  per 
m ill io n  from TMS) and a r e  follow ed by th e  m u l t i p l i c i t y  o f  th e  s ig n a l ,  
th e  number o f p ro to n s , th e  co rrespond ing  coup ling  c o n s ta n t ( s )  and th e  
ass ignm en t. The m u l ip l i c i t i e s  a re  denoted by th e  sym bols; s ,  s in g le t ;  
b s , b road  s in g l e t ;  d , d o u b le t; dd, doulbe d o u b le t; ddd, double double 
d o u b le t; t ,  t r i p l e t ,  q , q u a r te t ;  and m, m u l t ip le t .
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The carbon-13  n u c le a r  m agnetic reso n an ce  s p e c tr a  were tak en  on 
a  V arian  XL-100 sp ec tro m ete r u s in g  a  N ic o le t/T T I F o u rie r  T ransform  w ith  
th e  carbon-13  re so n an ce  o f TMS used  a s  an  i n t e r n a l  r e f e r e n c e .  The sample 
was ru n  i n  ch lo ro fo rm -d . Chemical s h i f t s  w ere p r in te d -o u t  by th e  
N ic o le t com puter.
In f r a r e d  s p e c tr a  were ta k en  on a  Beckman IR-8 sp e c tro m e te r  in  
ch lo ro fo rm  s o lu t io n s .  The u l t r a v i o l e t  spectrum  was ta k e n  on an iso o c tan e  
s o lu t io n  on a  Cary Model 118 (V arian) sp e c tro m e te r . Mass s p e c tr a  were 
ta k en  on a  H ita c h i  Perk in-E lm er RMÜ-7E mass sp e c tro m e te r  u s in g  p e r f lu o ro -  
kerosene-H  a s  an  i n t e r n a l  re fe re n c e . Mass s p e c tr a  a re  re p o r te d  by th e  
mass o f  th e  io n  fo llw ed  by th e  p e rce n tag e  o f  th e  b ase  p eak .
Combustion a n a ly se s  w ere c a r r ie d  o u t by Mr. E ric  M eier, Chemis­
t r y  D epartm ent, S tan fo rd  U n iv e rs ity , S ta n fo rd , C a l i f o r n ia .
I s o l a t i o n  o f  D acty lyne . The a p ly s ia  b o d ie s  reco v e red  from a 
1 :1  2 -p ro p a n o l/w a te r  e x t ra c t io n  were a i r - d r i e d  and th e n  e x tra c te d  in  a 
S ox h le t a p p a ra tu s  w ith  d i s t i l l e d  hexane f o r  2-4  days. The hexane ex­
t r a c t  was f i l t e r e d  and th e  s o lv e n t was ev ap o ra ted  to  y ie ld  235 g o f a 
d a rk  brown, v is c io u s  o i l .  A p o r tio n  o f  th e  c ru d e  e x t r a c t  (75 g) was 
chrom atographed on f l o r i s i l  (1500 g) u s in g  th e  fo llo w in g  s o lv e n t  g ra d i­
en t e lu t io n :
A. Hexane (3 1)
B. 1 :1  H exane/benzene (3 1)
C. Benzene (3 1)
D. 1 :1  B enzene/chloroform  (3 1)
E. Chloroform  (3 1)
F . 5% M ethano l/ch lo ro fo rm  (3 1)
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G. M ethanol ( 3 1 ) .
F ra c tio n s  B, C and D w ere combined to  g iv e  28 g o f  an  o range o i l .  A 
p ro tio n  o f t h i s  o range  o i l  (10 g) was chrom atographed on s i l i c a  g e l H 
(120 g) u s in g  th e  fo llo w in g  so lv e n t g ra d ie n t  e l u t i o n :
A. Hexane (500 ml)
B. 2.5% E ther/hexane  (250 ml)
C. 5% E th e r/h e x a n e  (one 500 ml and one 400 ml f r a c t io n )
D. 10% E th e r/h ex a n e  (400 ml)
E . C hloroform  (400 ml)
F . M ethanol (400 m l) .
The l a s t  400 ml o f  th e  5% e th e r /h e x a n e  and th e  10% e th e r /h e x a n e  f r a c t io n s  
w ere combined to  y ie ld  3 .9  g o f  an  o range  o i l .  T his o range  o i l  (3 .9  g) 
was cnrom atographed on s i l i c a  g e l H (62 g) and e lu te d  w ith  10% e t h e r /  
hexane. F ra c tio n s  w ere c o l le c te d  (100 ml) and th e  second and th i r d  
f r a c t io n  y ie ld e d  2 .74  g o f  a p a le  o range o i l .  A p o r t io n  o f  t h i s  p a le  
o range o i l  (242 mg) was chrom atographed on s ilic A R  CC-7 (200-325 mesh) 
u s in g  25% benzene/hexane  a s  th e  e l u e n t . F ra c tio n s  (5 ml) w ere c o l le c te d  
and f r a c t io n s  48-72 w ere combined to y ie ld  223 mg o f a  p a le  ye llow  o i l .  
T his p a le  y e llo w  o i l  (223 mg) was chrom atographed on a  s i l i c a  g e l p re ­
p a ra t iv e  la y e r  p l a t e  th a t  was e lu te d  fo u r tim es w ith  15% benzene/hexane  
to  y ie ld  130 mg o f  p u re  d a c ty ly n e  ^  (5 .5% ): + 33® (c 6 .5  CHCl^);
uv 222.5 nm w ith  an i n f l e c t i o n  a t  230 nm (e = 1 2 ,3 0 0 ); i r  (CHCl^) 3310
cm ^ (C-H o f te rm in a l a c e ty le n e ) , 1650 cm ^ ( o l e f i n i c  ca rb o n -ca rb o n
-1 —1 s t r e t c h ) ,  1090 cm (carbon-oxygen s t r e t c h )  and 790 cm (c a rb o n -c h lo r in e
s t r e t c h ) ;  pmr (CDCl^) 5 6 .1 2  (14 l i n e s ,  1 , J  = 1 1 , 8 , 6 .5  and 2 Hz,
o le f i n ic  p ro to n ) ,  5 .8  ( t ,  1 ,  J  ■ 8 Hz, o l e f i n i c  p r o to n ) ,  5 .6  (10 l i n e s .
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1 , J  = 11 , 2, 1 .5  and 1 Hz, o l e f i n i c  p ro to n ) ,  4 .16  (m, 2 , -C H -0 -), 3 .71  
(ddd, 1 , J  = 8 , 7 and 2 , -Œ C 1 -) , 3 .37  ( d t ,  1, J  = 8 and 2 , -C H B r-), 3 .16 
(dd , 1 , J  = 2 and 1 , te rm in a l  a c e ty le n ic  p ro to n ) ,  3 .0 -2 .1  (m, 6 , a l l y l i c  
and o x e tan e  r in g  m ethy lene p ro to n s ) ,  2 .48  (q , 2, J  = 8 , m ethy lene 
p ro to n s  o f  th e  e th y l  group) and 1 .14  ( t ,  3, J  = 8 Hz, m ethyl o f  e th y l  
g ro u p ); mass spectrum  412 ( 2 ) ,  410 ( 3 ) ,  408 ( 1 .5 ) ,  376 ( 2 ) ,  374 (3 ) ,  372
(2 ) ,  332 ( 3 ) ,  331 ( 5 ) ,  330 ( 9 ) ,  329 ( 5 ) ,  328 (7 ) ,  296 (1 ) ,  295 ( 4 ) ,  294
(3 ) ,  293 ( 4 ) ,  292 ( 2 ) ,  285 ( 2 ) ,  283 ( 6 .5 ) ,  281 ( 4 ) ,  265 ( 3 .5 ) ,  263 (5 ) ,
261 (3 ) ,  149 (3 5 ), 147 (2 3 ) , 145 (1 8 ) , 133 (2 6 ) , 119 (3 4 ) , 117 (5 9 ),
115 (2 9 ) , 109 (2 0 ) , 107 (2 4 ) , 105 (4 1 ) , 103 (3 9 ) , 93 (2 6 ) , 91 (7 9 ) ,  81 
(3 6 ), 79 (4 9 ) , 78 (2 3 ) , 77 (5 2 ) ,  69 (2 3 ) , 66 (2 2 ) , 65 (9 7 ), 57 (2 4 ) , 55 
(67 , 53 (4 9 ) ,  51 (3 1 ) , 43 (3 4 ) ,  and 41 (1 0 0 ).
A nal. Calcd fo r  C^gK^gBrgClO: C, 43 .8 8 : R, 4 .6 6 ; B r, 3 8 .92 ;
C l, 8 .6 4 . Found: C, 41 .8 6 ; H, 4 .6 0 ; B r, 41 .55 ; C l, 9 .1 2 .
R eduction  o f  d a c ty ly n e . To 20 ml o f  e th y l  a c e ta te  was added
600 mg o f  d a c ty ly n e . P la tin u m  o x id e  was added and th e  m ix tu re  was hydro­
g en a ted  a t  45 p s i  and room te m p e ra tu re  fo r  14 h r .  The c a t a ly s t  was 
f i l t e r e d  o f f  and th e  s o lv e n t  removed a t  reduced  p re s s u re  to  y ie ld  509 mg 
o f  a  l i g h t  o range  o i l  which c r y s t a l l i z e d  upon s ta n d in g  in  th e  c o ld .  The 
s o l id  was chrom atographed on 25 g o f  s ilic A R  CC-7 u sin g  50% b en zen e /
hexane a s  e lu e n t .  F ra c tio n s  o f  7 ml were c o l le c te d  and th e  hydrogenated
p ro d u c t came o f f  th e  column in  f r a c t io n s  8 -16 . The hydrogenated  p ro ­
d u c t was r e c r y s t a l l i z e d  from  m ethanol to  g ive  207 mg o f  a  w h ite  c r y s t a l ­
l i n e  s o l id ,  2: mp 5 2 -5 3 ° ;[a ]^ ^  -7" ( c .  1 .4  CHCl^); i r  (CHCl^) 1085 cm“^ 
( e th e r  carbon-oxygen  s t r e t c h ) ;  pmr (CDCl^) 6 4 .15  (m, 2 , p ro to n s  on 
carbon  b e a r in g  oxygen), 3 .54  (m, 1 , -CHCl), 3 .31  (m, 1 -CH Br-), 2 .78
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( t ,  1 , J  = 2 Hz, one o f  o x e tan e  m ethylene p ro to n s ) ,  2.76 ( t ,  1 , J = 4 H z ,  
one o f  oxetane  m ethylene p ro to n s ) ,  1.35 (m, 14, m ethylene p ro to n s  o f  s id e  
c h a in ) ,  0 .9 1  (m, 6 , te rm in a l m ethyl group p ro to n s ) ;  mass spectrum  340 
(6 ) ,  338 (5 ) ,  271 (1 4 ) , 269 (5 3 ) , 188 (1 6 ), 178 (1 3 ) , 177 (2 0 ) , 176 (1 5 ), 
175 (5 9 ) , 123 (9 7 ) , 101 (3 7 ) , 99 (1 9 ) , 97 (3 3 ) , 96 (4 2 ), 95 (16 ), 88 
(2 2 ) , 83 (9 3 ), 81 (8 8 ) , 70 (4 0 ) , 69 (55), 67 (8 4 ) , 57 (2 5 ), 56 (3 2 ) , 55 
(1 0 0 ), 54 (2 2 ), 53 (2 5 ) , 43 (7 6 ) , 42 (2 0 ), 41 (9 4 ).
A nal. Calcd fo r  C^^H^gBrClO: C, 5 2 .87 ; H, 8 .58 ; B r, 23 .45 ;
01, 1 0 .4 0 . Found: C, 5 3 .47 ; H, 8 .2 4 ; B r, 2 3 .11 ; C l, 10 .09 .
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